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Who are the resource people?

m Michigan Department‘ of Community
Health (MDCH) - Erik Janus
Brendan Boyle

m Agency for Toxic Substances and
_ Disease Registry (ATSDR ) — Mark
Johnson, Michelle Watters

m Environmental Protection Agency
(EPA) - Brian Kelly
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il Why are we here tonight?

and local specialists

m Discuss the basic nature of the
contamination at the former W R.
~ Grace facility

1 m Be available to answer your
| questions and concerns

i mPresent our partners and colleagues
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W.R. Grace/Zonolite Company

14300 Henn Street, Dearborn
m Operated from
1950s to ‘89
® "Expanded” -
‘vermiculite ore

from Libby, MT

m Ore was
contaminated .
with asbestos

| | | process ore today

LV0/600(



Asbestos Facts

Naturally-occurring
mlnerals
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“Health Consultation”
Conclusmns

= People who worked at the Grace
facility prior to 1989 were

consistently exposed to harmful
levels of asbestos

etc.) were also likely exposed from
fibers on the workers’ clothing,
- shoes, and/or hair

= “"Household contacts” (spouse, kids,
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i1 "Health Consultation”
il Conclusions (cont’d)

= Most people who live or work near
the site today are generally not
being exposed

® Some may be exposed under umque

arcumstances

- . such as frequent direct contact wnth
contammated SOil

... such as coming into contact with waste
material brought home from the facility
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Could I have been exposed?

= You Qrobably were exposed if:

m You lived/worked near the site and had
direct contact with ore, insulation
material, waste material, or dust
emissions from facility |

~— = You brought home ore, insulation
material, or waste material from the

facility to use as driveway, yard or
garden filler
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Vermiculite Attic Insulat
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tonight to answer questions
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Who can I contact for more
information?

IT £002/20/90
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/i mMDCH, Lansing - Erik Janus

| | - *1-800-MI-TOXIC (800 648 6942)
® januse@michigan.gov

m EPA, Grosse Ile - Brian Kelly
o (734) 692 7684

m ATSDR, Chicago — Mark Johnson
* (312) 886 0840
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Amphibole asbestos from Libby, Montana: Aspects of nomenclature

ANN G. WYLIE! AND JENNIFER R. VERKOUTEREN®¥

1Laboratory for Mineral Deposits Research, Department of Geology. University of Maryland, College Park, Maryland, 20742, U.S.A.
Chemical Science and Technology Laboratory, National [natitute of Standards and Technology, Gaithersburg, Maryland, 20899, U.S.A.

ABSTRACT

Richterite-asbestos and winchite-asbestos are not listed in the federal regulations governing as-
bestos. However, asbestiform winchite is found in the gaogue at the Libby, Moulana, vermiculite
deposit, where asbestos-related diseases have been reported among the miners and millers. Chang-
ing amphibole nomenclature, uncertainties in Fe*/Fe**, and natural compositional variability result
in samples of the asbestiform amphibole from Libby being variably classified as soda tremolite,
richterite, sub-calcic actinolite, and winchite. A classification of winchite-asbestos is assigned for
two samples of Libby asbestos analyzed for this report, consistent with the most recent International
Mineralogical Association classification system. Although some of the unit-cell parameters and op-
tical propesties reported here are distinctive, others are very similar to the tremolite-actinolite series.

_ INTRODUCTION

The U.S. Occupational Safety and Health Administration
(OSHA) and the U.S. Environmental Protection Agency (EPA)
have regulated asbestos since the early 1970s (summarized
by Vu 1993). The current regulations specify chrysotile and
the asbestiform habit of five amphiboles: tremolite, actino-
lite, anthophyllite, riebeckite (listed as crocidolite) and
cummingtonite-grunerite (listed as amosite) (Title 40, Code of
Federal Regulations, Part 61 and Part 763; Title 29, Code of
Federa] Regulations, Part 1910 and Part 1926"). These miner-
als were known at the time the regunlations were first wiitien to
have been mined commercially as asbestos. Although there have
been modifications to the regulations since they were first pro-
mulgated, most notably to clarify that cleavage fragments are
not ashestos (Federal Register 1992), the minerals that are regu-
lated have not changed. In particular, the sodic~caleic amphib-
oles winchite and richterite are not regulated.

An asbestiform amphibole occurs as a gangue mineral in
the Zonolite® vermiculite ore body in Libby, Montana, which
was mined from 1923 (o 1990, Estimates of the abundance of
the amphibole in the unprocessed ore range from O to = 5 wt%
{Atkinson et al. 1982). An elevated incidence of mesothelioma,
the halimark of asbestos exposure, has been reported among
the miners and millers of Zonolite® in several studies that were
summarized by Ross et al. (1993). In late 1999 and early 2000,
many deaths alleged to be due to asbestos exposure in Libby
were reported in the popular press, stimulating Congressional
oversight (106" Congress 2000). Of particular significance for

'Regulations dealing with asbestos can be obtained through the
websites maintained by OSHA (www.osha.gov) and the EPA
(www.epa.gov). : ’ _

* E-mail: jennifer.verkouteren@nist.gov
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the regulatory community is the identity of the asbestiform
amphibole. =

The asbestiform amphibole at Libby has been referred to
under a variety of nam:es. including tremolite, actinolite, soda
tremolite, richterite, an winchite. The current nomenclature
used in the popular press and by the residents of Libby is tremo-
lite, or tremolite/actinelite. Deer et al. (1963) give an analysis
of an amphibole from Libby (taken from Larson 1942) that
they identify as “richterite (soda tremolite).”

In the amphibole classification system of Deer et al, (1963),
Miyashiro's (1957) classification of the alkali amphiboles was
generally adapted. However, of particular significance to the
Libby amphibole, ,De?r et al. (1963) used the name richterite
in place of soda tremolite, dividing tremolite from richterite at
NaCa, s, (they consideted winchite to be a subset of richterite),
The International Mineralogical Association (IMA) classifica-
tion (Leake 1978) continued the use of richterite in place of
soda tremolite and added specific chemical parameters for dis-
tinguishing the actinolite series from richterite and for apply-
ing the name winchite. The parameters for richterite were ®(Ca
+ Na) > 1.34 atoms per formula unit (apfu) and 0.67 < ®Na <
1.34 apfu (classifying the amphibole as a member of the sodic-
calcic group) and Si > 7.5 apfu and A(QNa+K) = 0.5 apfu. By the
IMA 1978 classification scheme, winchite is also a member of
the sodic-calcic group and is distinguished from richterite by
A(Na + K) < 0.5 apfu. Members of the actinolite series belong
to the calcic proup and have 3(Ca + Na) = 1.34 apfu and ENa <
0.67 apfu. Another relevant evolution in the nomenclature was
the division between tremolite and actinolite; according to Deer
et al. (1963), tremolite contained between 0 and 20% ferro-
actinolite while according to the IMA, tremolite contained no
more than 10% ferro—actinolite, The most recent nomencla-
ture changes in Deer et al. (1997) and the revised IM A classifi-
cation (Leake et al. 1997) changed the positions of the
subdivisions to fit a 50% rule. Under these changes, ®(Na +
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Ca) 2 1.0 apfu is now used to define the calcic and sodic-calcic
groups, and the calcic group has 8Na < 0.50 apfu.

RESULTS

Two samples of asbestiform amphibole from Libby were
analyzed following the experimental procedures detziled in
Verkouteren and Wylie (2000). Chemical compositions, cell
parameters, and optical properties are given in Table 1. One of
the samples had been in our collection for several years; the
other was obtained recently. Sample 1 is relatively pure, loose

_ fiber and sample 2 was collected from the mine dump and is
composed primarily of asbestiform amphibole. In both cases,
the fibers are light green and asbestiform. The wt% Pe (ana-
lyzed as FeQ) was converted to formula proportions of cations
assuming first all Fe* and then all Fe*. It seems likely that at
least some portion of the iron is trivalent, as more than 8.0
apfu Si cannot be acconunodated in the tetrahedral sites. Hence,
the “true” formulae must lie somewhere between these two
extremes.

Because B(Na + Ca) 2 1.0 apfu this amphibole is either a
sodic-ctalcic or a calcic amphibole. If all the iron is Fe*, then
BNa = 0.63 or 0.61 apfu, and according to Miyashiro (1957)
the amphibole should be called soda tremolite. According to
Deer et al. (1963), it would probably be richterite. According
to Leake (1978), it would be sub-calcic actinolite, and accord-
ing'to Deer et al. (1997) and-Leake et al. (1997), it would be
winchite. If all the iron is Fe*, ®Na increases to 0.75 or 0.67
apfu and according to Leake (1978), Deer et al. (1997) and
Leake et al. (1997), it would be winchite. The ¢hemical com-
position of the Libby amphibole a5 reported by Larson (1942)
corresponds to a current classification of richterite.

Deer et al. (1963) chose'NaCa, 5 as the dividing line be-
tween richterite and tremolite because it was consistent with a

“relatively sudden” change in optical properties, specifically a
decrease in birefringence, stronger pleochroism, lower indices

of refraction, and smaller optic axial angle. The refractive in-

dices given in Table 1 are different for the two samples, con-
sistent with the change in 1 ~Mp/(Mg + Fe + Mn). Comparison
of the optical properties to those of the actinolite series
(Verkouteren and Wylie 2000) indicates that, for both samples,
n, is high and n, is low, although not statistically outside the
population of actinolite samples. The birefringence given in
Table 1 is much lower than any actinolite sample in Verkouteren
and Wylie (2000) and is a clear outlier; this is also true for the
birefringence of the Libby amphibole given by Larson (1942).
No difference exists between the optic axial angle given in Table
1 and the actinolite series; however, the optic axial angle for
the Libby amphibole reported by Larson (1942) is distinctly
smaller than that of corresponding actinolites.

Comparison of the lattice parameters to those of the actino-

' lite series (Verkouteren and Wylie 2000) indicates that, for both

samples, a and ¢ are at or within the 95% prediction limits for
actinolite, but b is outside the lower 93% prediction limit by
more than 0.025 A. The values of a'are high given a Ca value
of 1.3 apfu; these samples would fall into an anomalous region
in the actinolite series where a and Ca are positively correlated
(Verkouteren and Wyhe 2000), and we would predict an a of
9.83 A or lower. The [::lues of B for the Libby samples are
consistent with the aclinolite series and the positive correla-
tion of B and Ca. The p,'otassiau winchite-asbestos described by
Wylie and Hoggins (1980) has a larger g dimension, a smaller
b dimension, and the same ¢ dimension when compared with
the actinolite series. Similarly, the three non-Ti bearing
richterites in Oberti et al. (1992) have larger a dimensions,
smaller b dimensions, and the same ¢ diménsions when com-
pared to the actinolite series. '

TABLE 1. Chemical composition, optical propertles, and call parameters of 2 samples of wmchlte-asbestos leby, Montana. (1o errors

In parentheses)
Oxide wi% _apfu§, all Fe?* apfu§, all Fe?*
Sample 1* Sample 2t Sample 1 Sample 2 Sample 1 Sample 2
Sio, 56.6(4) 56.,1(2) si 8.04 8.01 7.92 7.92
TiO, nd. n.d. VAl - - 0:08 _ 007
Cr,0, n.d. nd. T 8.04 8.01 8.00 8.00
ALO, 0.5(1) 0.4(2) VAl 0.09 0.07 0.01 -
FeQ 6.0(6) 4.2(4) Mg 4.28 4.45 4.21 441
MnO D.1(0) 0.3(3) Fe 0.72 0.50 0.71 0.50
Mgo 20.2(5) 21.0(4) Mn 0.01 0.03 0.01 0.03
Ca0 8.3(10) 8.8(2) o} 5.10 5.05 4.94 4.94
Na,O 3.2(8) 3.4(2) ex. C c.10° 0.05 - -
K0 0.7(1) 0.8(2) Ca 1.27 1.34 .1.25 1.33
Total 95.6 95,0 ®Na 0.63 0.61 0.75 0.67
B 2.00 2.00 2.00 2.00
Na 0.25 0.33 0.12 0.26
K 0.13 0.15 0.13 0.15
ZA 0.38 0.48 : 0.25 oM
1-Mg/(Mg+Fe+Mn) 0.15 Q.11

Notgs: oplical propertfies: Sample 1:
1.634(1), caZ = 15.8(0.5)° 5 = 0.016, 2V,3 = 104.9.
Cell dimansions: Sample 1: a = 9.855(1) K

A, B = 104.37(4).

* Average of 6 analyses.

1 Average of 3 analyses.

§ Calculated on the basis of 23 O atoms.

n, = 1.621(1}, my = 1.631(1), n, = 1.637(1), caZ = 15.8(0.5)°. Sample 2: n, = 1.618(1), n, =

1.628(1), n, =

b=18.032(1) A, c=5288(3) A, B = 104.54(2)°. Sample 2; a= 9.861(2) A, b= 18.003(5) A, ¢ = 5.276(6)

1 Calculated from the measured refractive indices,
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DISCUSSION

The composition of the Libby asbestiform amphibole as
given in Table 1 is consistent with an identification of winchite-
asbestos, based on Leake et al. (1997). The samples can be
identified as winchites despite the uncertainty in site occupan-
cies resulting from the unknown oxidation state of Fe. The &
lattice dimension and the birefringence are consistent with what
is known about winchite (and richterite) and are distinct from
actinolite. Ross et al. (1993) report that both tremolite and
richterite asbestos fibers were found in a specimen of Libby
vermiculite. Our two samples were collected approximately ten
* years apari, and probably from different areas in the mine, and
both are winchites, although our sample 2 is close to richterite
in composition (ZA = 0.48 to 0.41 apfu). Given the fact that
the Libby amphibole reported by Larson (1942) is a richterite,
it is possible that the amphibole composition ranges from
winchite to richterite, and possibly to actinolite, throtghout the
venmiculite deposit. Asbestiform winchite and richterite are also
known from other localities, where they are similarly associ-
ated with the alteration of alkali igneous rocks (Wylie and
Huggins 1980} Deer et al. 1997). .

- * Tt is unfortunate that a regulatory decision could hinge on
such details as the amount of ®Na and the choice of classifica-
tion scheme. While the distinctions among amphiboles are
imporlant from a scientific standpoint, they do not add signifi-
caatly to the regulatory terminology unless they are correlated
with risk assessment. There are data that show differences in
disease potential among different minerals with similar mor-
phology, such as between talc and tremolite (Guthrie and
Mossman 1993), but it is clear that the asbestiform winchite in

Libby, Montana poses a health threat (106® Congress 2000). ..

From an analytical standpoiat, the identification of the spe-
cific asbestiform mineral is necessary for complete character-
ization of the asbestos component in any sample. The regulatory
requirement 1o jdentify the mineral can be addressed by pro-
viding reference values for known asbestiform amphiboles,
which was, ip part, the impetus behind the study described in
Verkouteren and Wylie (2000) and the current note. It wonld
be reasonable for the regulations to be revised to provide a
broader description of asbestiform amphiboles to avoid simi-
lar hair-splitting problems in the future.
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An overview of the mining history, geelogy, mineralogy, and amphibole-asbestos
health effects of the Rainy Creek igneous complex, Libby, Montana, U.S.A.: A case
study in teaching environmental mineralogy

(modified from Bandli, B. R. (2002) Characterization of amphibole and amphibole-
ashestos from the former vermiculite mine at Libby, Montana, U.S.A.; M.S. Thesis,
University of Idaho, Moscow, Idaho, U.S.A.)

ABSTRACT

The Rainy Creek igneous complex is an alkaline-ultramafic igneous intrusion in Lincoln
County, Montana and is locally known as Vermiculite Mountain. Hydrothermal
alteration and extensive weathering of the ultramafic units resulted in the formation of a
rich deposit of vermiculite that was mined for 67 years and used in numerous consumer
products in its expanded form sold under the trade name Zonolite. Later intrusions of
alkaline magmas caused hydrothermal alteration of the pyroxenes resulting in formation
of amphiboles. Approximately one-half of the amphiboles occur in the asbestiform habit
and are associated with pulmonary diseases in former miners and mill workers.
Identification of these.amphibole minerals received little attention, but recent work shows
the mineral species, mainly winchite and richterite, are not any of the asbestos species

* currently regulated by government agencies.

Articles in the popular press published late in 1999 stated there were increased risks of
asbestos-related diseases among the former vermiculite miners, and a recent study by the
Agency for Toxic Substances and Disease Registry has shown that residents of Libby
also appear to have developed asbestos-related pulmonary diseases at a higher rate than
the general public. Since November of 1999, the United States Environmental Protection
‘Agency has been involved in the cleanup of asbestos contaminated sites in and around
Libby associated with the mining and processing of vermiculite. On a much larger scale,
are issues surrounding the possible remediation of 10-20 million homes in the U.S.A. that
contain Zonolite insulation at an estimated cost exceeding $10,000,000,000.
INTRODUCTION

This paper is an overview of the past 90 years of scientific research directed at multiple
aspects of the former vermiculite mine near Libby, Montana. During its operation it was
the largest producer of vermiculite in the world. Unfortunately the ore shipped from the
mine contained a small percentage of amphibole-asbestos. The many issues surrounding
Libby are introduced with the hope of providing background information to use Libby as
a case study in teaching environmental mineralogy. Gunter (1994, 1999) presented
similar articles on the environmental concemns of asbestos and quartz, and Lang (1998)
suggested such issues provide our students case studies to examine the societal
significance of mineralogy. Libby, and the former mine site, were basically unheard of
before November 1999; however, since then issues surrounding Libby have gamering
national press, are causing modifications in asbestos regulations, may result in billions of
dollars of remediation costs, and are causing fear among millions of U.S. homeowners.
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Grosse Ile, Michigan 48138

bodman
ATTORNEYS 8 COUNSELORS Re: Unilateral Administrative Order Issued to CSX Tra.nsportation, Inc.

Regarding the N-Forcer Site in Dearborn, Michigan
Docket Number: [Not Decipherable]
Date: May 17, 2005

Dear Messrs. Kelly and Krueger:

This letter is CSX Transportation, Inc.’s request that the administrative records for
the site and for the § 106 order be supplemented with the following materials:

Sampling Results

ARCADIS letter of February 5, 2005 reporting on soil sampling conducted by
CSXT in November, 2004.. (USEPA already has a copy of that letter)

The "follow up letter” from the lab which performed the analysis of ARCADIS’
November sampling, clanfying issues raised by USEPA at the May 27 meeting with
CSXT. This letter is expected within 2 business days and will be submitted to
USEPA as soon as it is received. '

Full laboratory documentation for the ARCADIS November sampling. This
documentation has been requested from the lab and will be submitted to USEPA
within 5 business days.

Sampling data and full laboratory documentation for soil and air sampling

conducted on May 24 and 25, 2005 by CSXT. The preliminary results were shared

with USEPA on May 27. Summary data tables will be provided by close of business
~ on June 3 with full laboratory documentation to follow as soon as it is available.

Full laboratory documentation for all soil and air sampling conducted by USEPA or
its contractors at the site.

DETROIT | TROY | ANNARBOR | CHEBOYGAN | LANSING

-~ ..l AAN~RAN 4
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Mr, Brian Kelly
‘Thomad Krueger, Esq.
June 2, 2005

Page 2

All field reports and photographs made by USEPA and its contractors with regard
to any sampling conducted at the site and all diagrams depicting the location of
samples.

Risk Related Materials 3

ASTDR’s Toxicological Profile For Asbestos (September 2001). We assume
USEPA has a copy but can provide a copy for the record if needed.

~ Department of Community Health, Press Release, Past Warkers at Dearborn Plant
Were Expased To Hazardous Asbestos Lewels (November 9, 2004) (enclosed)

ATSDR/Michigan Department of Community Health, PowerPoint presentation,
Dearbormn Michigan public information meeting, December, 2004 (enclosed)

Regulatory Status of Asbestos Materials!

Wrylie A.G., Verkouteren, ] R. Amphibole asbestos from Libby, Montana: Aspects
of nomenclature. Am Mineral 85:1540-1542 (2000) (enclosed)

Bandli, B.R,, An overview of the mining history, geology, mineralogy, and
amphibole-asbestos health effects of the Rainy Creek igneous complex, Libby,
Montana, US.A.,; A case study in teaching environmental mineralogy. Presented at
NAGT Workshop on Geology & Health, May 2004;

hutp:/ / www.webpages.uidaho.edu/ ~mgunter/ NAGT/ manuscripts/ BandliMS pdf

(enclosed)

Vu, V.T., Regulatory Approaches to Reduce Human Health Risks Associated with
Exposures to Mineral Fibers, published as Chapter 19 in Health Effects of Mineral
Dusts, Guthrie, GD. & Mosman, B.T., eds., Washington D.C., Mineralogical
Society of America, 545-554.28 (enclosed)

Thank you very much for your consideration.

Sincerely, |

R Gaig Hupp

c: Paul Kurzanski, Jeffrey Styron, Terri Rubis, Fredrick Dindoffer

1 These materials are offered with regard to the question whether the forms of asbestos found in
Libby ore are regulated and hence fall under CERCLA, not whether they pose a health hazard.

Natrnit A27RA7Q 1
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Stare orlcmoAN :
JENNIFER M. GRANHOLM DEPARTMENT OF COMMUNITY HEALTH JANET OLSZEWSK!
GOVERNOR LANSING ) BOIRECTOR
FOR IMMEDIATE RELEASE CONTACT: T.J. Bucholz
November 9, 2004 _ (517) 241-2112

Past Workers At Dearborn Plant Were Exposed To
Hazardous Asbestos Levels

Workers at the former W. R. Grace & Company vermiculite exfoliation plant in Dearborn
— from the early 1950s to 1990 — were exposed to hazardous levels of asbestos, according to a
public health consultation from the Michigan Department of Community Health (MDCH) and
the federal Agency for Toxic Substances and Disease Registty (ATSDR).

-Until 1990, the former W.R. Grace facility processed vermiculite — mined in Libby, o
Montana — that contained asbestos. ATSDR has linked some past exposures to Libby vermxcuhte
to respiratory illnesses.

The consultation also indicated that those who lived with former W.R. Grace workers
while Libby vermiculite was being processed at the plant also were exposed to asbestos.
Workers may have carried home asbestos fibers on their hair and clothing, but the degree to
which household members may have been exposed cannot be conclusively determined,
according to MDCH officials. : '

. MDCH and ATSDR found no indication that current workers on the property — employed
by a tool and die.shop — are being exposed to hazardous levels of asbestos. Some soil samples
from the site, taken by the Environmental Protection Agency (EPA), show concentrations of ' |
asbestos at very low levels: Other samples failed to detect asbestos. ‘

Officials also suspect that some former workers and residents.took asbestos-contaminated
waste rock home from the plant and used it around their homes (for example, for driveway and
garden ﬁller) People could still be exposed to small amounts of this asbestos today if any waste
rock remains exposed and is disturbed (by foot or vehicle traffic, for example).

MDCH and ATSDR recommends that former workers and the household members who
lived with them learn more about asbestos and see a doctor with expertise in asbestos-related
lung diseases. “MDCH can help you learn more as well as provide assistance in locating such
medical expertise,” said Erik R. Janus, toxicologist for the MDCH Bureau of Epidemiology.

The former W.R. Grace plant health consultation was done in cooperation with ATSDR
and is part of that agency’s National Asbestos Exposure Review (NAER). Under the program,
more than 200 sites around the United States that received vermiculite ore mined in Libby from
the early 1920s until 1990 are being evaluated. More information about NAER is available on-
line at http.//www.atsdr.cdc gov/naer/index.html.

MORE

LEWIS CASS BUILDING ¢ 320 SOUTH WALNUT STREET » LANSING, MICHIGAN 48913
IR DEET (U0 (W . www.michigan.gov e (517) 373-3500
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The ATSDR/MDCH public health consultation is available for review at the Dearborn
Public Library (16301 Michigan Avenue, Dearbormn) er the Arab Community Center for
Economic and Social Services (6450 Maple Street, Dearborn). It also is available on-line at
http://www.michigan.gov/mdch-toxics/ or http.//www.atsdr.gov/naer/dearbommi.

MDCH welcomes comments and information from community members about the health
consultation and the site contamination. Questions and MDCH_’s responses will be published
- later in a separate document. A public availability session in Dearborn will be held in the near
future with members of the MDCH, ATSDR and EPA present. The primary purpose of this
meeting is to field questions, comments, and concerns regarding both the document and potential
exposure to asbestos-contaminated vermiculite. Questions on the health consultation document
must be submitted in writing to: '

Erik R. Janus

Division of Environmental and Occupational Epidemiology
Bureau of Epidemiology

Michigan Department of Community Health

3423 N. Martin Luther-King Jr. Blvd.

P,0. Box 30195. :

Lansing, ML 48909

: For more information, community members may contact Erik Janus with the Michigan
Department of Community Health, Bureau of Epidemiology toll-free at 800-648-6942, or via

electronic mail at januse@michigan: gov.
Hih . | |
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at the former W.R.
Grace/Dearborn Facility

Asbestos Contamination

Erik R. Janus
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Who are the resource people'?

o M/ch/gan Department of Commun/ty

Health (MDCH) - Erik Janus,
Brendan Boyle

m Agency for Toxic Substances and
Disease Registry (ATSDR) - Mark
Johnson, Michelle Watters |

a Environmental Protection Agency
(EPA) - Brian Kelly
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Why are we here tonight?

Lo L e e e e oy

and local specialists

m Discuss the basic nature of the
contamination at the former W. R.

. Grace facility

| mBe available to answer your

| questions and concerns

m Present our partners and colleagues
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“Health Consultation”
Conclusmns '

. People who worked at the Grace
. facility prior to 1989 were
consistently exposed to harmful
levels of asbestos

etc.) were also likely exposed from
. fibers on the workers’ clothing,
| shoes, and/or hair

m "Household contacts” (spouse, kids,
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il “Health Consultation”
Conclusmns (cont’'d)

n Most peOpIe who live or work near
- the site today are generally not
being exposed

m Some may be exposed under umque

C|rcumsta nces .

. such as frequent direct contact with
contammated soil |

... such as coming into contact with waste
material brought home from the facility
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CoI ‘I havebn posed?

= You were exposed if:

= You worked at the facility prior to 1989
when it still processed vermiculite ore

a You lived with someone who worked at
the facility prior to 1989
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Could 1 have been exposed?

K You grobably were exposed if:

'" = You lived/worked near the site and had
. direct contact with ore, insulation
~material, waste material, or dust
emissions from facility

~~ = You brought home ore, insulation
-~ material, or waste material from the
. facility to use as driveway, yard or
garden filler
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Question and Answer t

e

ovided several resources.

ian Resources (Doctors)

IC

tonight to answer questions

We have pr
m Phys

m EPA
m ATSDR




Who can I contact for more
“information?

e MDCH, Lansing - Erik Janus
* 1-800-MI-TOXIC (800 648 6942)
e januse@michigan.gov
m EPA, Grosse Ile — Brian Kelly
i ~*(734) 692 7684
|| w ATSDR, Chicago - Mark Johnson |
*(312) 886 0840
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Amphibole asbestos from Libby, Montana: Aspects of nomenclature

ANN G. WYLIE! AND JENNIFER R. VERKOUTEREN%*

'Laboratory for Mineral Deposils Research, Department of Geology. University of Maryland, College Park, Maryland, 20742, U.S.A.
IChemical Science and Techaology- Laboratory, National Instilute of Standards and Technology, Gaithersburg, Maryland, 20899, U.S.A.

ABSTRACT

Richterite-asbestos and winchite-asbestos are not listed in the federal regulations governing as-
bestos. However, asbestiform winchite is found in the gangue at the Libby, Moutana, vermiculite
deposit, where asbestos-related diseases have been reported among the miners aud millers. Chang-
ing ampbibole nomenclature, uncertainties in Fe*/Fe®, and natural compositional vatiability result
in samples of the asbestiform amphibole from Libby being variably classified as soda tremolite,
richterite, sub-calcic actinolite, and winchite. A classification of winchite-asbestos is assigned for
two samples of Libby asbestos analyzed for this report, consistent with the most recent International
Mineralogical Association classification system. Although some of the unit-cell parameters and op-
tical pmp'ert'leé reported here are distinctive, others are very similar to the tremolite-actinolile series.

INTRODUCTION

The U.S. Occupatmnal Safety and Health Administration
(OSHA) and the U.S. Environmental Protection Agency (EPA)
have regulated asbestos since the early 1970s (summarized
by Vu 1993). The current regulations specify chrysotile and
the asbestiform habit of five amphiboles: tremolite, actino-
lite, anthophyllite, riebeckite (listed as crocidolite) and
cummingtonite-grunerite (listed as amosite) (Title 40, Code of

Federal Regulations, Part 61-and Part 763; Title 29, Code of _

Federal Regulations, Part 1910 and Part 1926'). These miner-
als were known at the time the regulations were first written to
have been mined commercially as asbestos. Although there have
been modifications {o the regulations since they were first pro-
mulgated, most notably to clarify that cleavage fragments are

not asbestos (Federal Register 1992), the minerals that are regu-.

lated have not changed. In particular, the sodic-calcic amphib-
oles winchite and richterite are not regulated.

An asbestiform amphibole occurs as a gangue mineral jn
the Zonolite® vermiculite ore body in Libby, Montana, which
was mined from 1923 1o 1990. Estimates of the abundaace of
the amphibole in the unprocessed ore range from O to = 5 wt%
(Atkinson et al. 1982). An elevated incidence of mesothelioma,
the hallmark of asbestos exposure, has been reported among
the miners and millers of Zonolite® in several studies that were
summarized by Ross et al. (1993). In late 1999 and early 2000,
many deaths alleged to be due-to asbestos exposure in Libby
were reported-in the popular press, stimulating Congressional
oversight (106" Congress 2000). Of particular significance for

'Regulations dealing with asbestos can be obtained through the
websites maintained by OSHA (www. osha.gov) and the EPA
(www.epa.gov).

* E-mail: jennifer.verkouteren @nist.gov

0003-004X/00/0010-1540305.00

the regulatory community is the ideptity of the asbestiform
amphibole.

The asbestiform amptnbole at Libby has been referred to
under a variety of names, including tremolite, actinolite, soda
tremolite, richterite, and winchite. The current nomenclature
used in the popular press and by the residents of Libby is tremo-
lite, or tremolite/actinolite. Deer et al. (1963) give an analysis
of an amphibole from Libby (taken from Larson 1942) that
they identify as “richterite (soda tremolite).”

In the amphibole classification system of Deer et al. (1963),
Miyashiro's (1957) classification of the alkali amphiboles was
generally adopted. However, of particular significance to the
Libby amphibole, Deer et al. (1963) used the name richterite
in place of soda tremolite, dividing tremolite from richterite at
NaCa, s, (they considered winchite to be a subset of richterite).
The International Mineralogical Association (IMA) classifica-

~ tion (Leake 1978) continued the use of richterite in place of

soda tremolite and added specific chemical parameters for dis-
tinguishing the actinolite series from richterite and for apply-
ing the name winchite. The parameters for richterite were 3(Ca
+ Na) 2 1.34 atoms per formula upit (apfu) and 0.67 < ®Na <
1.34 apfu (classifying the amphibole as a member of the sodic-
calcic group) and Si > 7.5 apfu and 4(Na+K) 2 0.5 apfu. By the
IMA 1978 classification scheme, winchite is also a member of
the sodic-calcic group and is distinguished from richterite by
A(Na + K) < 0.5 epfu. Members of the actinolite series belong
to the calcic group and have #(Ca + Na) 2 1.34 apfu and ®2Na <
0.67 apfu. Another relevant evolution in the nomenclature was
the division between tremolite and actinolite; according to Deer
et al, (1963), tremolite contained between 0 and 20% ferro—
actinolite while according to the IMA, tremolite contained no
more than 10% ferro—actinolite. The most recent nomencla-
ture changes in Deer et al. (1997) and the revised IMA classifi-
cation (Leake et al. 1997) changed the positions of the
subdivisions to fit a 50% rule. Under these changes, ®(Na +

1540
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Ca) 2 1.0 apfu is now used to define the calcic and sodic-calcic
groups, and the calcic group has ®Na < 0.50 apfu.

RESULTS

Two samples of asbestiform amphibole from Libby were
analyzed following the experimental procedures detailed in
Verkouteren and Wylie (2000). Chemical compositions, cell
parameters, and optical properties are given in Table 1. One of
the samples had been in our collection for several years; the
other was obtained recently. Sample 1 is relatively pure, loose
fiber and sample 2 was collected from the mine dump and is
composed primarily of asbestiform amphibole. In both cases,
the fibers are light green and asbestiform. The wt% Fe (ana-
lyzed as FeQ) was converted to formula proportions of cations
assuming first all Fe? and then all Fe*. It seems likely that at
least some portion of the iron is trivalent, as more than 8.0

apfu Si cannot be accommodated in the tetrahedral sites. Hence,,

the “true” formulae must lie somewhere between these two
_ extremes.

Because B(Na + Ca) = 1.0 apfu this amphibole is either a
sodic-calcic or a calcic amphibole. If ali the iron is Fe¥, then
INa = 0.63 or 0.61 apfu, and according lo Miyashiro (1957)
the amphibole should be called soda tremolite. According to
Deer et al. (1963), it would probably be richterite. According
to Leake (1978), it would be sub-calcic actinolite, and accord-
ing to Deer et al. (1997) and Leake'ét al. (1997), it would be
winchite, If all the iron is Fe*, BNa increases to 0.75 or 0.67
apfu ‘and according to Leake (1978), Deer et al. (1997) and
Leake et al. (1997), it'would be winchite. The chemical com-

position of the Libby amphibole as reported by Larson (1942)

corresponds to & current classification of richterite.
Deer et-al. (1963) chose NaCa, s as the dividing line be-
tween richterite and tremolite because it was consistent with a

BODMAN LLP

1541

“relatively sudden” change in optical properties, specifically a
decrease in birefringence, stronger pleochroism, lower indices
of refraction, and smaller optic axial angle. The refractive in-
dices given in Table 1 are different for the two samples, con-
sistent with the change in 1 —Mg/(Mg + Fe + Mn). Comparison
of the optical properties to those of the actinolite series
(Verkouteren and Wylie 2000) indicates that, for both samples,
Ny is high and r, is low, although not statistically outside the
population of actinolite samples. The birefringence given in
Table 1 is much lower than any actinolite sample in Verkouteren
and Wylie (2000) and is a clear outlier; this is also true for the
birefringence of the Libby amphibole given by Larson (1942).
No difference exists between the optic axial angle given in Table
1 and the actinolite series; however, the optic axial angle for
the Libby amphibole reported by Larson (1942) is distinctly
smaller than that of corresponding actinolites.

Comparison of the lattice parameters to those of the actino-
lite series (Verkouteren and Wylie 2000) indicates that, for both
samples, a and ¢ are at or within the 95% prediction limits for
actinolite, but b is outside the lower 95% prediction limit by
more than 0.025 A. The values of a'are high given a Ca value
of 1.3 apfu; these samples would fall into an anomalous region
in the actinolite series where a and Ca are positively correlated
(Verkouteren and Wylie 2000), and we would predict an a of
9.83 A or lower. The lvalues of B for the Libby samples are
consistent with the actinolite’ series and the positive correla-
tion of f and Ca. The potassian wmcmte-asbestos described by
Wylie and Huggins (1980) has a larger a dxmensmn a smaller
b dimension, and the same ¢ dimension when compared with
the actinolite series. Similarly, the three non-Ti bearing
richterites in Oberti et al. (1992) have larger a dimensions,
smaller b dimeunsions, and the same ¢ dlmcnsmns when com-
pared to the actinolite series. -

TABLE 1. Chemical composition, optical properties, and cell parameters of 2 samples of wmchlte-asbestos Libby, Montana. (1o errors

In parentheses)

Oxide wi% . aplu§, all Fe# aptu§, all Fe*
" S8ample 1* Sampls 2t Sample 1 Sample 2 Sampla 1 Sampls 2
Si0, ss 6(4) 56.1(2) Si 8.04 8.01 7.92 7.92
TiO, nd. VAl - - 0:08 0.07
Cr,0y n d nd. 2T 8.04 8.01 8.00 8.00
AlLO, 0.5(1) 0.4(2) VAl 0.09 0.07 0.01 -
FeO 6.0(6) 4.2(4) Mg 428 4.45 4.21 441
MnO 0.1(0) 0.3(3) Fe 0.72 0.50 0.71 0.50
MgQ 20.2(5) 21.0(4) Mn 0.01 0.03 0.01 0.03
Ca0 8.3(10) 8.8(2) IC 5.10 5.05 4.94 4.94
Na,0 2.2(8) 3.4(2) ex.C 0.10 0.05 - -
KO - 0.7(1) 0.8(2) Ca 127 1.94 125 133
Total 95.6 95.0 Na - 0.63 0.61 0.75 0.67
B 2,00 2.00 2.00 2.00
*Na 0.25 - 0.33 0.12 0.28
K 0.13 0.15 0.13 0.156
ZA 0.38 0.48 0.26 041
1-Mg/(Mg+Fe+Mn) 0.15 o1

Natas: optical propertles Sample 1: n, = 1.621(1), n, = 1.631(1), n, = 1.637(1), eaZ = 15.8(0.5)°. Sample 2: n, = 1.618(1}, ny = 1.628(1), ny =

1.634(1), caZ = 15,8(0.5)° 5} = 0.016, 2V,3 = 104.9.

Cell dimensians: Sample 1: a = 9855(1)A b=18.032(1) A, c=5.288(3) A, p = 104,54(2)>. Sample 2: a=9.861(2) A, b= 18.003(5) A, ¢ = 5.276(8)

A, B =104.37(4).

* Average of 6 analyses.

1 Average of 3 analyses.

§ Calculaled on lhe basis of 23 O atoms,

$ Calculated from the measured relractive Indices.

0207047
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DISCUSSION

The composition of the Libby asbestiform amphibole as
given in Table 1 is consistent with an identification of winchite-
asbestos, based on Leake et al. (1997). The samples can be
identified as winchites despite the uncertainty in site occupan-
cies resulting from the unknown oxidation state of Fe. The b
lattice dimension and the birefringence are consistent with what
is known about winchite (and richterite) and are distinct from
actinolite. Ross et al. (1993) report that both tremolite and
richterite ashestos fibers were found in a specimen of Libby
vermiculite. Our two samples were collected approximately ten
years apart, and probably from different areas in the mine, and
both are winchites, although our sample 2 is close to richterite
in composition (XA = 0.48 to 0.41 apfu). Given the fact that
the Libby amphibole reported by Larson (1942) is a richterite,
it is possible that the amphibole composition ranges from
winchite to richterite, and possibly to actinolite, throughout the
vermiculite deposit. Asbes{iform winchite and richterite are also
known from other localities, where they are similarly associ-
ated with the alteration of alkali igneous rocks (Wylie and
Huggins 1980; Deer et al. 1997).

It is unfortunate that a regulatory decision could hinge on
such details as the amount of ®Na and the choice of classifica-
tion scheme. While the distinctions amoag amphiboles are
important from a scieptific standpoint, they do not add signifi-
cantly to the regulatory terminology unless they are correlated

with risk assessment. There are data that show differences in

disease potential among different minerals with similar mor-
phology, such as between talc and tremolite (Guthrie and
Mossman 1993), but it is clear that the asbestiform winchite in

Libby, Montana poses a health threat (106% Congress 2000). .

From an analytical standpoint, the identification of the spe-
cific asbestiform mineral is necessary for complete character-
ization of the asbestos component in any sample. The regulatory
requireynent lo identify the mineral can be addressed by pro-
viding reference values for known asbestiform amphiboles,
which was, in part, the impetus behind the study described in
Verkouteren and Wylie (2000) and the current note. It would
be reasonable for the regulations to be revised to provide a
broader description of asbestiform amphibolesto avoid simi-
lar hair-splitting problems in the future.
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An overview of the mining history, geology, mineralogy, and amphibole-asbestos
health effects of the Rainy Creek igneous complex, Libby, Montana, U.S.A.: A case
study in teaching environmental mineralogy

(modified from Bandli, B. R. (2002) Characterization of amphibole and amphibole-
asbestos from the former vermiculite mine at Libby, Montana, U.S.A., M.S. Thesis,
University of Idaho, Moscow, Idaho, U.S.A.)

ABSTRACT

The Rainy Creek igneous complex is an alkaline-ultramafic i igneous intrusion in Lincoln
County, Montana and is locally known as Vermiculite Mountain. Hydrothermal
alteration and extensive weathering of the ultramafic units resulted in the formation of a
rich deposit of vermiculite that was mined for 67 years and used in numerous consumer
products in its expanded form sold under the trade name Zonolite. Later intrusions of
alkaline magmas caused hydrothermal alteration of the pyroxenes resulting in formation
of amphiboles. Approximately one-half of the amphlboles occur in the asbestiform hablt
and are associated with pulmonary diseases in former miners and mill workers. -
Identification of these.amphibole minerals received little attention, but recent work shows
the mineral species, mainly winchite and richterite, are not any of the asbestos species
currently regulated by government agencies.

Articles in the popular press published late in 1999 stated there were increased risks of
asbestos-related diseasgs among the former vermiculite miners, and a recent study by the
Agency for Toxic Substances and Disease Registry has shown that residents of Libby
also appear to have developed asbestos-related pulmonary diseases at a higher rate than
the general public. Since November of 1999, the United States Environmental Protection
Agency has been involved in the cleanup of asbestos contaminated sites in and around
Libby associated with the mining and processing of vermiculite. On a much larger scale,
are issues surrounding the possible remediation of 10-20 million homes in the U.S.A. that
contain Zonolite insulation at an estimated cost exceeding $10,000,000,000.

INTRODUCTION
This paper is an overview of the past 90 years of scientific research directed at multiple
aspects of the former vermiculite mine near Libby, Montana. During its operation it was
the largest producer of vermiculite in the world. Unfortunately the ore shipped from the
mine contained a small percentage of amphibole-asbestos. The many issues surrounding
Libby are introduced with the hope of providing background information to use Libby as -
a case study in teaching environmental mineralogy. Gunter (1994, 1999) presented
similar articles on the environmental concerns of asbestos and quartz, and Lang (1998)
suggested such issues provide our students case studies to examine the societal
significance of mineralogy. Libby, and the former mine site, were basically unheard of
‘before November 1999; however, since then issues surrounding Libby have gamering
national press, are causing modifications in asbestos regulations, may result in billions of
dollars of remediation costs, and are causing fear among millions of U.S. homeowners.
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The first examination of the Rainy Creek i 1gneous complex (RCC) was during gold
explorations in the late 19™ century. Pardee and Larsen (1929) began work in the area
exploring the quartz veins in 1911. It was these early explorations, particularly by E.N.
Alley, who observed exfoliation of vermiculite in the roof of exploration audits, which
led to the discovery and large-scale mining of the vermiculite deposits in the area of
Rainy Creek (Pardee and Larsen, 1929). (See Table 1 for timeline of important events.)
During the 1920’s, the Zonolite Company developed the deposit, and uses for exfoliated
(expanded) vermiculite led to increased production. W.R. Grace Corporation purchased
the mine from the Zonolite Company in 1963 and continued producing expanded
vermiculite for its products such as Zonolite insulation and Monokote fireproofing,
bulking agents, absorbents, and soil amendments. They increased production, and
eventually the mine at Libby was the largest source of vermiculite worldwide. Along
with the mine at Libby (Figures 1 A-C), W.R. Grace also operated an export facility and
local expansion facilities (until 1990). The mine at Libby ceased operation in 1990. The
vermiculite ore is contaminated with varying amounts of amphibole-asbestos (Figures 1
D-F), which formed as a result of hydrothermal alteration of pyroxene minerals. MEG
collected geological. and mineralogical samples from the former W.R. Grace vermiculite
mine in October of 1999. Photographs in Figure 1 were also taken at that time.. The
crystal chemistry and morphology of these samples are discussed in Gunter et al. (2003)
Since the involvement of the EPA in the asbestos cleanup, access to the former mine site
has become extremely dlfﬁcult

Several epidemiologica_.l studies have documented the:toxicity of the amphibole-asbestos
minerals in the RCC. However, the species of amphibole has been misidentified as
tremolite-asbestos in these studies. Recent work by Wylie and Verkouteren (2000) and
Gunter et al. (2003) shows that the amphibole minerals are actually winchite and
richterite. The asbestos minerals in the RCC appear to have significant effects on
humans. The incidence of asbestosis, mesothelioma, and lung cancer is high in former
mine workers, particularly those employed in the early unregulated workplace. The
Agency for Toxic Substances and Disease Registry (ATSDR 2001) presented data that
showed a significant number of individuals who lived in Libby and did not work in the
mining or processing of vermiculite, show symptoms of diseases related to asbestos
exposure. Currently, the United States Environmental Protections Agency (EPA) is
proposing to list mining and milling operation sites in Libby as a Superfund site.

MINING HISTORY _

Mining and processing of vermiculite from the RCC continued uninterrupted from 1923
to 1990 (Table 1). E.N. Alley was the first individual to exploit the RCC vermiculite
deposit in 1923. The incorporation of the Universal Zonolite Insulation Company and the
Vermiculite and Asbestos Company were the first commercial ventures of the vermiculite
deposits at Libby. In 1948, these two companies merged to become the Zonolite
Company.

The processes involved in mining and milling the vermiculite did not change much over
the lifespan of the mine (Table 1). Initially, vermiculite ore was removed from
underground workings, but eventually surface mining methods (Figures 1 B & C) were
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employed. The ore was generally very weathered and could be removed without
blasting, but blasting was occasionally necessary. The mine was a large open pit that
eventually covered several hundred acres (Figures 1 A & B and Figure 2). Ore was

~ hauled to a transfer point on the west end of the mine (USEPA, 2001), where it was
passed through a grizzly to remove the coarse fractions, and the remaining ore was
transferred by conveyor to the concentrating/loading facility on the Kootenai River at the
mouth of Rainy Creek (Figure 3) (Boettcher, 1963). In the mil], the vermiculite was
concentrated through a dry beneficiation process until 1954, when a wet beneficiation
process was developed. Both processing methods were used until 1974 when the dry
process was discontinued. Next, the concentrate was screened into 5 grades based on
particle size. A portion of the vermiculite concentrate was sent to an exfoliating and
export plant in Libby. However, the majority of the vermiculite concentrate was
transferred across the Kootenai River by conveyor for shipment by rail to expansion
facilities across the United States (USEPA, 2001).

At the expanding facilities the vermiculite was heated in kilns to approximately 1100° C
for a few seconds (Bassett, 1959). This rapid heating caused the water in the vermiculite -
structure to vaporize, forcing the layers apart and creating the. useable product (Figure 4).
W.R. Grace marketed the majority of the expanded vermiculite originating from its Libby
mine &s Zonolite insulation. The mining and processing operations at Libby were very
dusty by nature, and owners of the mine and various regulatory agencies worked to
reduce the levels of dust-exposure. Regulations regarding acceptable limits of the amount
of airbome asbestos fiber workers can be exposed to are listed in Table 2, and these limits
decreased over time.

GEOLOGY . N
The RCC is an alkaline-ultramafic igneous complex in Lincoln County, Montana seven
miles northeast of Libby and is locally known as Vermiculite Mountain (Figure 5). The
RCC lies in the basin of Rainy Creek and is much less resistant to erosion than the
surrounding Belt series metamorphic rocks. The contact between the ultramafic and
metamorphic units is topographically expressed in a significant increase in slope in the
metamorphic units. There is also a significant decrease in the density of coniferous
vegetation growing in soils over the ultramafic units (Boettcher, 1963). The rocks of the
complex, where not exposed by mining, are covered by till (Larsen and Pardee, 1929).
The geology of the RCC has been studied by several individuals: Goranson (1927),
Pardee and Larsen (1929), Larsen and Pardee (1929), Kriegel (1940), Bassett (1959),
Boettcher (1963, 1966a, 1966b, 1967), and is currently being studied by the United States
Geological Survey (Meeker et al., 2003). Boettcher provides the most detailed and most
recently published geologic and mineralogical information on the RCC.

The rocks of this igneous complex formed by intrusion into the Precambrian Belt series
(Wallace Formation) (Figure 5). The magma intruded into the axis of a slightly
southeasterly plunging syncline (Figure 5). The rocks of the RCC consist of biotitite,
biotite pyroxenite, magnetite pyroxenite, syenite, trachyte, phonolite, and granite
(Boettcher, 1967). Workers prior to Boettcher (1967) collectively described the biotite
pyroxenite. and magnetite pyroxenite as pyroxenite. The main body of the complex is a
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stock composed predominantly of biotite pyroxenite, magnetite pyroxenite, and biotitite.
A large, irregularly shaped body of altered nepheline syenite crosscuts the pyroxenites
(Figure 5). All of these units are crosscut by trachyte and phonolite dikes, which are, in
tum, cut by granitic dikes (Boettcher, 1963). -

Biotitite: The central and topographically highest unit of the complex is a coarse-grained
biotitite that comprises approximately 5% of the intrusion. The biotitite is composed
almost entirely of anhedral books of biotite that are generally larger than 10 cm and show
no preferred orientation (Boettcher, 1966a). The biotitite was thought by Boettcher to
have formed near the roof of the magma chamber in the presence of higher
concentrations of alkali metals, metal sulfides, and volatiles relative to the surrounding
pyroxenites. Larsen and Pardee (1929) mentioned a "biotite rock," but it does not appear
to be the biotitite unit described by Boettcher (1967). The Larsen and Pardee (1929)
"biotite rock" was described as being almost entirely altered to vermiculite, whereas the
biotitite described by Boettcher is composed of unaltered biotite with only small amounts

of vermiculite.

Feldspars occur as wedges between books of biotite and make up less than 10% of the |
rock.. Small amounts (<2%) of pyrite and calcite occur as secondary alteration products.
Calcite is evenly distributed throughout the biotitite as a secondary alteration product of
the biotite (Boettcher, 1966a). The contact between the biotitite and the biotite
pyroxenite is gradational over 3 m. The contact zone is also expressed in a compositional
change, where feldspar content decreases to zero while diopside and vermiculite content
increase 51gn1ﬁcantly (Boettcher, 1967). :

Biotite pyroxenite: The biotite pyroxenite completely surrounds and has a gradational
contact with the inner biotitite (Rigure 5).' The biotite pyroxenite makes up
approximately 20% of the intrusion (Boettcher, 1967). In hand sample, it is dark green,
and although friable (Fig 1D), most of the diopside appears unaltered. The biotite
pyroxenite ranges in size from <1 mm to >10 cm, and is composed of variable amounts
of clinopyroxene (diopside), biotite, vermiculite, and hydrobiotite. This unit was the
source of all the mineable vermiculite, and vermiculite content vanes significantly, but on
average 1s 25 wt.% (Boettcher, 1966a). Unaltered biotite can be found locally within the
biotite pyroxenite. Bassett (1959) observed areas where pyroxene crystals were
horizontally oriented but were crosscut by veins of fine-grained pyroxenite where the
pyroxenes were oriented vertically. This would indicate some sort of vertical flow of the
magma prior to complete crystallization, according to Bassett (1959). Apparently, this
feature does not occur over large areas of pyroxene-bearing units and Boettcher (1966a)
contradicts Bassett (1959) by noting that most of the pyroxene crystals do not show this
preferred orientation. The largest grains of diopside occur nearest to the contact with the
biotitite. Fluorapatite is the most common accessory mineral and occurs as interstitial
euhedral crystals and as small crystals within the diopside crystals (Boettcher, 1966a)..
The biotite pyroxenite and biotitite appear to be comagmatic (Boettcher, 1967). Several
dikes of magnetite pyroxenite, have intruded into the biotite pyroxenite indicating a
discontinuity in the intrusion of the ultramafic portion of the complex.
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Magnetite pyroxenite: The magnetite pyroxenite has a uniform grain size (0.7-3 mm)
and is composed of diopside, magnetite, and .apatite with andradite, titanite, and biotite or
vermiculite as accessory minerals. It constitutes approximately 40% of the intrusion
(Boettcher, 1966a). The orientation of the magnetite pyroxenite relative to the two inner
units is like that of a ring dike (Figure 5). The magnetite pyroxenite completely
surrounds the inner units and the contact dips slightly outward from the center of the
complex in all directions (Boettcher, 1966a). Diopside and apatite crystals are aligned
and dip out from the center at varying angles. The magnetite pyroxenite also forms
numerous small dikes that crosscut the biotite pyroxenite. The emplacement of the
magnetite pyroxenite is thought to have occurred as an intrusion into a zone of weakness
that formed between the Wallace Formation and the biotite pyroxenite (Boettcher 1967).
The diopside in both of the pyroxenites is aluminum-deficient (Boettcher, 1967) as a
result of the early fractionation of the biotitite. _

The remainder of the complex (approximately 35%) 1s composed of various alkaline
rocks: syenite, nepheline syenite, trachyte, phonolite, alkaline pegmatite, and alkaline
granites. The largest alkaline unit is an irregularly shaped body of variably altered
syenite located in the southwest portion of the complex (Figure 5) and fransects the
earlier ultramafic units. This syenite has been altered and is observed in the replacement
of nepheline by muscovite (Boettcher, 1966a). Syenite also occurs as dikes of varying
width and is probably genetically related to the alkaline pegmatite dikes (Boettcher,
1966a). These dikes crosscut all of the ultramafic units. The smaller syenite dikes
exhibit some compositional and textural variability that could be attributed to multiple
intrusions of syenite magma (Larsen and Pardee, 1929). Intrusion of these dikes into the
pyroxenite units caused significant wall rock alteration, resulting in the amphibolitization
of pyroxene minerals. However, where these dikes occur in the biotitite, little alteration
of the biotite is.observed. Dikes of trachyte, phonolite, and alkaline granite crosscut both
these syenite and alkaline pegmatite dikes. The trachyte and phonolite dikes are
interesting in that no wall rock alteration resulted from their intrusion. This feature
suggested to Boettcher that theses dikes penetrated near to the surface.

MINERALOGY . .

Two major processes have significantly influenced the mineralogy of the RCC:

magmatic differentiation and hydrothermal alteration. The biotitite and the biotite
pyroxenite are believed to have been the first units to crystallize from the original
ultramafic magma (Boettcher, 1967). The early crystallization of large amounts of biotite
preferentially differentiated aluminum from the melt. This early separation of biotite
from the melt was facilitated by a high pH,O (Boettcher, 1967). Boettcher concluded
that the biotitite, biotite pyroxenite, and magnetite pyroxenite are comagmatic. Later,

_ syenite, trachyte, phonolite, and pegmatites intruded the previous units from a much more
felsic magma and resulted in the alteration of diopside to amphiboles and biotite to
vermiculite and hydrobiotite (Boettcher, 1967). The RCC still contains a large reserve of
mineable vermiculite; however, the health effects associated with the amphibole-asbestos
minerals in the pyroxenite units makes mining and milling of the vermiculite from this
deposit a health hazard.
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Biotite, vermiculite, and hydrobiotite: The biotitite unit is almost entirely composed of
biotite, whereas biotite comprises roughly 40% of the unaltered biotite pyroxenite and
slightly less of the magnetite pyroxenite. Weathering of biotite in the biotite pyroxenite
resulted in the formation of the vermiculite. Bassett (1959) and Boettcher (1966b)
explored the chemical conditions necessary for the conversion of biotite to vermiculite.
The hydrobiotite and amphibole are the product of higher temperature hydrothermal
processes (Boettcher, 1966b).

The vermiculite of the RCC was shown by Boettcher (1966b) to have an upper stability
limit of 350 °C. The chemistry of vermiculite indicates it was the result of leaching of
biotite by groundwater. A lower content of alkali metals and higher amount of Fe'* than
that of biotite indicates a low-temperature leaching process altered the biotite to
vermiculite. The hydrobiotite was shown in the same study to have an upper stability
[imit of as high as 480 °C. The hydrobiotite has a 1:1 stacking sequence of vermiculite
and biotite that is not inherited from the biotite. This, along with the lack of a direct
chemical relationship between hydrobiotite and biotite, indicates a much higher

" temperature hydrothermal alteration process. Bassett (1959) mentioned that miners used
subtle color. differences as an ad hoc method to distinguish areas in the mine richer in
vermiculite than biotite or hydrobiotite; the biotite is black and durable thle the
vermiculite is golden brown and friable.

Pyroxenes: The pyroxenes in the pyroxenite units are predominantly light green, non-
pleochroic diopside (Boettcher, 1966a). Pyroxene accounts for over half of the minerals
in the pyroxenite units. In hand sample, the diopside has perfect (100) parting and is
emerald green in the biotite pyroxenite and darker green in the magnetite pyroxenite
(Boettcher 1967a). The iron content of the diopside is elevated in later crystallizing units
and especially when diopside is found in association with magnetite. The RCC also
contains aegirine that has been examined by Goranson (1927) and Pardee and Larsen
(1929).. The aegirine is of interest because of its increased vanadium content. It occurs
as black acicular crystals up to 2.5 cm in length that project from the walls of veins or as
radiating nodules embedded in other minerals of the pegmatites occurring within the
pyroxenites and biotitite.

Amphiboles: Amphibolitization of the pyroxenes in the biotite pyroxenite produced
nearly all of the amphibole in these rocks. Identifying the various amphibole species
requires detailed chemical analysis (Leake et al., 1997). Until recently, there has been
some confusion as to the classification of the asbestos minerals at Libby. Pardee and
Larsen (1929) named the amphibole-asbestos minerals tremolite but stated there were
"considerable" amounts.of Na and Fe in their samples. The EPA and its contractors
misidentified these minerals as tremolite (USEPA, 2000). The TEM-EDS data presented
in the EPA study (USEPA, 2000) of vermiculite garden products shows that the samples
from Libby vermiculite contain significant amounts of Na and K. This would mean these
amphibole minerals could not possibly be tremolite. However, the incorrect name
tremolite or actinolite persists in EPA literature and in the popular press. The amphiboles
in the RCC have been called tremolite-actinolite (Larsen and Pardee, 1929), richterite
(Larsen 1942), tremolite-actinolite (Bassett 1959), tremolite (Boettcher, 1963), richterite
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(soda tremolite) (Deer et al., 1963), and winchite (Wylie and Verkouteren, 2000, Gunter

_etal, 2003). With the exception of Larsen (1942), Wylie and Verkouteren (2000), and
Gunter et al. (2003), no previous worker had performed a chemical analysis of the
amphibole mineral to correctly classify it. Meeker et al. (20003) performed chemical
analysis of 30 samples they collected from various locations at the former mine site, and
found approximately 70% of the amphiboles to be winchite, 20% richterite, 8% tremolite,
and 2% magnesioriebeckite.

Since the current OSHA and EPA regulations do not regulate all amphibole-asbestos
minerals, it is crucial to understand the precise definition of the mineralogy of any
asbestos containing material. The health effects associated with exposure to the
amphibole-asbestos from this location are well documented (discussed below). This
would suggest that current regulations regarding amphibole asbestos should be revised to
include all amphibole-asbestos minerals, or at least winchite and richterite. Regardless of
the mineral species or regulations, it is clear that the amphibole-asbestos mineral at Libby
should be regulated in order to prevent unnecessary risk to public health.

HEALTH EFECTS o ‘

General health effects of inhaled mmeral dust: Itis generally understood that
inhalation of mineral dusts will cause specific lung diseases to develop. There are
numerous reviews on the health effects of inhaled mineral dusts. For instance, Reviews

in Mineralogy Vol. 28 (Guthrie and Mossman, 1993) is a comprehensive presentation of
mineralogical and medical topics related to how inhaled minerals affect human health,

and the Canadian Mineralogist Special Publication #5 (Nolan et al., 2001) outlines the
health effects associated with environmental exposure to chrysotile asbestos, with some
discussion of amphibole- asbestos Three diseases are associated with occupatlonal
exposure to asbestos: asbestosis, mesothelioma, and lung cancer. :

Asbestosxs 1s a-type of pneumoconiosis that results from mhalatlon of large quantities of
asbestos. Pneumoconiosis is a general term used to describe a disease associated with
inhalation of large amounts of a specific type of dust into the lungs, and is a fibrotic lung
disease where the alveoli are destroyed by the minerals. This hinders the lung's ability to
exchange oxygen and carbon dioxide; as a result of decreased lung function, the heart is
forced to pump faster, and a person with asbestosis usually dies from heart failure.
Silicosis and anthracosis (black lung) are two types of pneumoconiosis associated with
inhalation of quartz dust and coal dust, respectively (Gunter, 1999). In 1999, 1259
people in the United States died as a result of asbestosis (Centers for Disease Control
(CDC), 2001). '

Mesothelioma 1s a disease of the lining of the lung, the pleura, usually in the form of
plaques. Plaques are not necessarily harmful;, however, it is unclear if there is a
connection between pleural plaques and malignant mesothelioma, which is usually fatal.
It is not known why inhaled asbestos minerals cause reactions to occur in the pleura.
Mesothelioma has a very long latency period, so it is difficult to diagnose and treat in
early stages. This long latency period complicates the process of determining how much
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asbestos an individual was exposed to prior to developing the disease. In 1999, 2502
people in the United States died as a result of mesothelioma (CDC, 2001).

Lung cancer is the third major disease associated with asbestos exposure. In 1998,
154,561 people died as a result of lung cancer in the United States (American Lung
Association (ALA), 2001). However, most lung cancer cases are associated with
cigarette smoking. Therefore, it becomes difficult to separate lung cancers that may not
have been caused by asbestos from those caused by other carcinogens.

- The amount of a certain mineral a person inhales is an important factor to consider. A
fundamental concept of the study of mineral-induced lung diseases is that the dose makes
the poison (Gunter, 1994). Mesothelioma and lung cancer may develop after inhalation
of moderate or small quantities of asbestos dust. The relationship between dose and
disease is complicated and has yet to be accurately defined.

It also appears that the type of asbestos an individual inhales is an important factor in
determining what lung disease may develop. Epidemiological studies indicate variability
in the potential for different asbestos minerals to cause diseases in humans. Amphibole
asbestos minerals pose a much greater threat than other asbestos minerals (Kane, 1993).
Tremolite has been described as the most dangerous of the amphibole-asbestos minerals
(Case, 1991), though this was, ironically, based on the definitive epidemiological studies
of workers exposed to "tremolite-asbestos" from the Libby vermiculite mine,

Regardless of the species of amphibale-asbestos, it appears that amphibole-asbestos

minerals pose a greater risk than chrysotile asbestos (Gunter, 1994). This is for a variety |
of reasons, including the fact that amphiboles are insoluble when exposed to the chemical :
conditions in the lung. Many case and in vitro studies have shown that when dusts
containing significant amounts of chrysotile and minor amounts of amphibole-asbestos
are inhaled,; lung burdens at the time of death contain many more amphibole-asbestos
fibers than chrysotile fibers (Davis et al,. 1991). It has also been shown that the
carcinogenic potential of amphibole-asbestos is significantly higher than that of other
minerals (Weill et al., 1990). It is important to note that amphibole-asbestos has not been
extensively mined or used in manufactured products and exposure is usually through
background environmental dust or as a contaminant in some other mined or quarried
material (Ross, 1981). However, the probability that background environmental
exposure to amphibole-asbestos results in asbestos-related lung disease, mesothelioma in
particular, is very small (Browne and Wagner, 2001).

The health effects associated with amphibole minerals may also be dependent on the
morphology of the inhaled particles. Asbestos fibers appear to pose a greater risk than
cleavage fragments. There also appears to.be a correlation between increased potential to
cause disease and increased aspect ratio. The result of this is that amphibole cleavage
fragments (which have a low aspect ratio) have not been shown to cause disease in

humans and are therefore not regulated, whereas asbestos fibers (which have a high

aspect ratio) are known to cause disease and are regulated (Dorling and Zussman, 1987).

It has also been noted that there may be a correlation between particles that exhibit (110)
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cleavage and those that exhibit (100) twinning and effects on human health (Zoitai 1981),
and there may also be a correlation between increased disease potential and other
dimensional ratios that have yet to be studied (Davis et al., 1991). Gunter et al. (2003)
showed that approxxmately one half of amphiboles at leby exhibit asbestiform
morphology based on cou.ntmg of several hundred particles with a polarizing light
Microscope.

Health effects observed in Libby: Health effects observed in Libby workers are typical
of other groups exposed to amphibole-asbestos. It is important to note that no adverse
health effects have been observed from exposure to vermiculite alone (Ross et al., 1993).
Lockey et al. (1984) examined a group of vermiculite workers who were exposed to
“"tremolite-asbestos" in the vermiculite ore, and determined that occupational exposure to
asbestos-contaminated vermiculite could cause pleural changes. Other epidemiological
studies showed substantially increased risks of lung cancer, malignant mesothelioma, and
pleural changes (McDonald et al. 1988; Amandus 1987b).

The studies of McDonald et al. (1986a, 1986b, 1988), Amandus and Wheeler (1987), and
Amandus et al.-(1987a, 1987b) were performed in parallel and studied the health of men
who were involved with mining and processing the vermiculite from the RCC. W.R.
Grace funded the McDonald et al. (1986a, 1986b, 1988) studies, and the National
Institute for Occupational Safety and Health (NIOSH).funded the Amandus and Wheeler
(1987) and Amandus et al. (1987a, 1987b) studies. Both studies estimated the amounts
of airborne asbestos workers were exposed to and calculated standard mortality ratios
(SMR) for various diseases. These studies provide the definitive evidence that the
amphxbole-asbestos from the RCC is harmful to humans.

McDonald etal. (1986a, 1986b, 1988) showed that there was a significantly higher
incidence of lung cancer and nonmalignant respiratory disease in workers of the Libby
vermiculite mine. The study examined the exposure levels and health histories of 406
men employed for at least one year before 1963. It was determined that the SMR for
lung cancer (SMR = 2.45) and nonmalignant respiratory disease (SMR = 2.55) were
significantly higher for this cohort than for the white male population of the United States
(McDonald et al., 1986a). The exposure levels were variable and dependent on
workstation activity (Table 3) (McDonald et al., 1986b). It was shown that after W.R.
Grace acquired the mine, dust levels decreased significantly. It was also shown that for
each fiber-year of exposure there was a 1% increase in the probability of a worker
developing lung cancer (McDonald et al., 1988). -

Amandus and Wheeler (1987) and Amandus et al. (1987a, 1987b) replicated the studies
of McDonald et al. (1986a, 1986b, 1988). - These studies examined the exposure levels
and health histories of 575 men who had been hired before 1970 and were employed at
least one year. Exposure estimates (Amandus et al., 1987a) were determined using
previous measurements and workstation activities. Amandus et al. (1987a) estimated the
exposure rates for workers at the Libby vermiculite operations and determined that from
the onset of mining to the mid 1980’s there was a significant decrease in the levels of
airborne asbestos (Table 3). These data were used to determine individual cumulative



06/02/2005 14:07 FAX 313 393 7579 BODMAN LLP

10

fiber exposure (fiber-year). The estimates show that, in general, exposure was highly
variable depending on a worker's workstation activity. SMR for lung cancer (SMR =
2.44) and nonmalignant respiratory diseases (SMR = 2.42) were found to be significantly
hlgher than that of the general white male population in the United States. The increase

. in the risk of developing lung cancer was determined to be 0.6% for each fiber-year of

exposure (Amandus and Wheeler, 1987). These two studies show that the asbestos
minerals present in the Libby vermiculite ore posed a 51gruﬁcant health risk to workers
who were exposed at high levels; . :

Both McDonald et al. (1986a) and Amandus et al. (1987a) showed that workers
employed before 1970 were exposed to significantly higher levels of amphibole-asbestos

~ than those employed later. Table 3 gives estimated amphibole-asbestos dust levels at

various workstations during the life of the mine. Dust levels were not measured in all
years, so dust levels were assumed to remain constant until the next measurement was
made. The data show several significant changes in the amounts of dust the workers at
Libby were exposed to. Dust levels were extremely high in the dry mill before W.R.
Grace acquired the operation in 1963, and dust levels were reduced by approximately
75% by. 1965.- With the elimination of the dry mill in 1974, the largest source of airborne
amphibole-asbestos fibers was removed, and with the introduction of federal regulations
in 1972 (Table 2), the fiber exposure for workers was reduced further, The McDonald et
al. (1986a) estimates are consistently lower than those of Amandus et al. (1987a), but
both show the consistent trend of decreasing fiber exposure with time.

Preliminary results of a recent Agency for Toxic Substances and Disease Registry study
(ATSDR, 2001) of 5590 Libby residents reveal that 18% of the population have pleural
abnormalities; 2% had no direct exposure to asbestos, and 5% of those who had no direct
exposure (0.1%.of the study group) have lung abnormalities consistent with asbestos
exposure. This may mean that the asbestos at Libby is hazardous even at very low
exposure levels. However, there is very little information about how much asbestos
residents of Libby were actually exposed to. The major concern is that environmental
exposure to the amphibole-asbestos from Libby is harmful.

SUM]VIARY

The RCC alkaline-ultramafic igneous intrusion was mined for 67 years for its rich deposit

of vermiculite, which has numerous industrial applications. It still contains significant
amounts of vermiculite ore. However, the geologic processes that created the vermiculite
also created amphibole-asbestos, As pressure from the regulatory agencies and residents
of Libby to remove asbestos contamination from the vermiculite mining and milling
operations in Libby and elsewhere around the U.S. continues, more information about
exactly what species of amphibole minerals will be required. The classification of the
amphibole-asbestos in vermiculite products that originated from the Libby mine has been
clouded in confusion. For the past two years, the EPA and-the media have continued to
call these amphibole minerals tremolite when indeed they are not. Correct classification
of these harmful minerals will require a change in the regulations to protect human
health. Ironically and interestingly, much of the health risks of tremolite have been based

@031/047
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on the misconception that the amﬁhibole and amphibole-asbestos found at Libby was
tremoflite. '

Since November of 1999, the EPA has been actively involved in abatement of asbestos
contamination resulting from the vermiculite mining and milling operations at Libby.

The main focus of the EPA's cleanup effort has been on the export plant at the mouth of
Rainy Creek, but several other sites in Libby, including the Libby High School,
Burlington Northern and Santa Fe Railway yard, and multiple residential areas are being
considered for asbestos cleanup projects. Currently, the EPA is considering placing these
areasjin Libby on its National Priority List or listing the area as a Superfund site. Tens of
rmlhéms of dollars have already been spent cleaning up the former export plant and

several other locations in Libby where vermiculite was used for various purposes. In
order to clean up all asbestos contamination in Libby, it will take between $40 and $60
million over 3 years (Drumheller, 2001). A final decision by the EPA as to how it will
deal with asbestos contamination at Libby will be made in the near future. It will also be
necessary to decide how to handle the vermiculite insulation that was used in millions of
homes across the United States, and to examine the levels of asbestos contamination that
occux"red at the numerous vermiculite expansion facilities that were operated by Zonolite
and W R. Grace. _
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Tables

Table 1. Timeline of events 'signiﬁcant to vefmicﬁlite mining operati

Montana. (Note: Data obtained from Montana Department of Envirg
(2000) and W.R. Grace (2000).)
Year - Event

1919 E.N. Alley observes exfoliation of vermiculite in roof of min

1923 Commercial mining of vermiculite begins on Vermiculite M
-~ Alley

1939 E.N. Alley’s Zonolite business becomes the Umversal ZonoJ
Company , -

1944  First dust control equipment installed

1948  Universal Zonolite Insulation Company changes name to Zo

1954  First “wet” mill installed at Libby mine

1956  State of Montana conducts a study to examine the working ¢
Zonolite Company facilities in Libby _

1959  State of Montana conducts a follow-up study of the 1956 stu
levels are lower, but asbestos content of dust collected in the
determined to be 27%

1963 W.R. Grace purchases Zonolite Company

1964 W.R. Grace begins X-ray testing of employees

1970  Occupational Safety and Health Act creates Occupational H
Administration (OSHA)

1972 First federal regulations limiting exposure of workers to asbs

OSHA (S fibers/cc)

—

Libby, Montana:
-1542,

d., Amphiboles and
lineralogy,

ons at Libby
pnmental Quality’

e audit
ountain by E.N.

ite Insulation

nolite Company

onditions at the

dy and finds dust

vermiculite mill is

Lalth and Safety
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1973  Clean Air Act enacted placing limits on amounts of asbestos industries can
. release into the environment .
1974 “Dry” milling of vermiculite ore discontinued
1977 W.R Grace initiates policy of not hiring individuals who smoke cigarettes
1977 Federal Mine Safety and Health Act enacted to create safer working environment
~ for miners

1986 W.R. Grace receives permlssron to expand verrmcuhte mine to 1004 acres (this is
the largest area the mine will cover)

1990  September: mining operations at Vermiculite Mountain end

1991 Reclamation at mine site begins

1994 W.R. Grace sells Vermiculite Mountain mine site to Kootenai Development
Company _ :

1997 Reclamation bond released on 900 acres of Vermiculite Mounta.ln mine

1999 November, Seattle Post-Intelligencer publishes a series of articles about the high
incidence of asbestos related lung disease among Libby, Montana residents

1999 November, EPA begins investigating asbestos contamination in and around
Libby .

2000 W.R. Grace initiates medical program to prov1de medical coverage for Libby
residents and buys back Venmcullte Mountain mine site from Kootenai
Development Company

2001 Agency for,Toxic Substances and Dlsease Control begins hea.lth screening
program for current and past Libby residents

Table 2. Regulations for occupatronal exposure and envuonmenta] releases of mmera.l

dust.

Year Regulation Exposure limit

1946 ACGIH . 5 mppcf*

1968 ACGIH 12 fibers/cc ,

1972 OSHA . 5 fibers/cc 8hr. TWA**

1973  Clean Air Act Sets no specific release levels, but mandates practlces for
handling asbestos containing materials

1976 OSHA 2 fibers/cc 8hr. TWA

1977 Mine Act 2 fibers/cc 8hr. TWA

1986 OSHA 0.2 fibers/cc 8hr. TWA

1992 OSHA 0.1 fibers/cc 8hr. TWA, and deregulates amphibole cleavage
fragments

* mppcf millions of partlcles per cubic foot

** TWA = time weighted average

Note: 1946 and 1968: recommendations made by the American Conference of

Governmental Industrial Hygienists. The exposure levels recommended at these times
. were not enforced by any regulatory agency.
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Table 3. Fiber exposure estimates in fibers/m! (1: McDonald et al. 1986a, 2: Amandus et

al. 1987a).

Workstation

Dry mill
Wet mill
Drilling

Concentrate
loading

Skip area

River dock

[

—

pre-1950

101.5
168.4

23.0
24.0
82.5

88.3

116.9

1955

101.5
168.4

12.5
23.0

15.0
277
68.8
88.3

425

1960

10L.5
168.4

12.5
23.0

15.0

10.7

68.8

88.3

12.0

17.0

Year
1965

22.1
33.2

12.5

23.0

9.0
10.7

15.0
.17.4

12.0
17.0

1970

22.1

332

3.9
32

5.2
9.2

9.0
3.2

15.0
174

12.0
17.0

1975

5.2
0.6

438

-0.2.

2.0
0.6

12.0
5.1

1980

do37/047
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0.8

0.8
0.6

0.2
0.2

0.6
0.6

0.7
0.5
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Figure Captions, Figures on next two pages

Figure 1: A. View from Rainy Creek Road east toward Vermiculite Mountain. B. View
from vermiculite mountain toward Libby with mine benches visible in the middle of the
photo (benches approx. 7 m. high). C. View of mine bench showing amphibole-asbestos
vein (MEG for scale). D. Photograph of biotite pyroxenite. Light-colored grains are
amphibole, medium-gray grains are pyroxenes, and dark-gray grains are
biotite/vermiculite (knife for scale). E. Photograph of boulder composed entirely of
amphibole (knife for scale). F. Photomicrograph of material from Vermiculite Mountain
mine. High aspect ratio amphibole fragment (inclined extinction) visible on right side
and large amphibole-asbestos fiber bundle (parallel extmcnon) visible in lower left
comer.

Figure 2; Aerial photograph of former vermiculite mine. Photo is approximately 3 km
across, ' ‘

Figure 3: Map of Libby, Montana and former vermiculite mine (adapted from USEPA,
2001) . : :

Figure 4: Photograph showing raw (unexpanded) vermiculite on left, partly exbanded
vermiculite at center, and completely expanded (exfoliated): vermlcullte on right
(cigarette lighter for scale). :

Figure 5: Geologic map of RCC (adabted from Boettcher, 1966a).
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HEALTH EFFECTS OF
MINERAL DUSTS

George D. Guthrie, Jr.,
Brooke T. Mossman, Editors

Proceedings of a short course endorsed by
THE AMERICAN COLLEGE OF CHEST PHYSICIANS
and THE U. S. GEOLOGICAL SURVEY

COVER: Scanning electron micrograph of ferruginous bodies extracted
from autopsied human lung. The individual was exposed primarily to
* chrysotile. The particles consist of asbestos fibers coated by an iron-rich
malerial believed to derive from proteins such as ferritin or hemosiderin.
The ferruginous bodies are generally about 5 to 30-pm long; the species
of asbestos is not known. Photo courtesy of Lesley S. Smith and Anne F.
Sorling (Department of Pathology, Fox Chase Cancer Center, Phila-

delphia, Pennsylvania).
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'CHAPTER 19
REGULATORY APPROACHES TO REDUCE HUMAN HEALTH
RISKS ASSOCIA\ATED WITH EXPOSURES TO MINERAL FIBERS

Vanessa T. Vu

Office of Pollution and Prevention and Toxics
U.S. Environmental Protection Agency
401 M Street, S.W.

Washington, District of Coltmbia 20460 U.S.A.

INTRODUCTION

An important task for environmental protection is to identify. and
subsequently to prevent the hazards to human health posed by toxic substances.
Asbestos and related mineral fibers are one group of substances that have been
identified as priority substances for risk reduction and pollution prevention.
Because of the known health effects associated with past occupational
exposures to elevated levels of asbestos, and because of the widespread use of
asbestos in commerce, there has been considerable concern that exposures to
asbestos may present a health hazard to workers and the general public. All
major types of asbestos are associated with pulmonary fibrosis (asbestosis). lung
cancer, mesotheliomas of the pleura and peritoneum in a dose-related manner.*
Cancer at other sites (e.g., gastrointestinal cancer, laryngeal cancer) has also been-
shown to be associated with asbestos exposure, but the degree of excess risk and
the, strength of association are considerably less than for lung cancer and
mesothelioma (IPCS, 1986, USEPA, 1986; ATSDR, 1990Q).

There is also a health concern for many other types of natural and
synthetically made fibers whose commercial uses have been growing in recent
years as replacement materials for asbestos-containing products. Yet, only limited
information is available conceming their potential health effects and the exposure
levels to workers, consumers, and the general public. ’

Studies conducted to date suggest that occupational exposures to rock
wool and slag wool have produced an increased incidence of lung cancer in
humans. Whether this increase is actually due to mineral wool exposure, to other
contaminants, or to other factors remains to be determined (IARC, 1988; USEPA.
1988; HEI, 1991). In experimental studies, man-made mineral fibers and a variety
of synthetic organic and inorganic fibers cause pulmonary fibrosis, lung cancer,
and/or mesotheliomas in rats and hamsters under certain exposure conditions
(IARC, 1988; USEPA, 1988; Vu and Dearfield, 1993). However, to date, only
refractory ceramic fibers (RCF) have been shown conclusively to induce lung
fibrosis, lung cancer and/or mesotheliomas in exposed animals by inhalation (IRIS,
1992; Vu, 1992; Vu, 1993). - _

T The relationship between chrysotile and mesothelioma is currently hotly debated (e.g., see Chapters
11 and 13).—Eds,
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Erionite is the only natural fiber other than asbestos for which a high
incidence of mesothelioma resulting from environmental exposures has been
documented. Erionite has also been found to be extremely carcinogenic in rats

following inhalation (IPCS, 1986; IARC, 1987; USEPA, 1988a). Erionite, however,
is not known to be available in commerce at this time.

This chapter provides an overview of past and current regulatory activities
relating to mineral fibers. Various approaches have been utilized by the federal
agencies in the U.S. to reduce health risks associated with exposures to asbestos
and other mineral fibers. These approaches are generally in the form of
regulations, enforceable consent orders, negotiated voluntary actions, advisories,
hazard communication, and guidance documents. '

MAJOR REGULATIONS AND GUIDELINES ON ASBESTOS

There are many sources of exposures to asbestos. In addition to exposures
from natural sources (e.g., see Chapter 2), humans are exposed to asbestos fibers
during activities such as mining, milling, manufacturing, use, demolition, and
disposal. There can be exposure to asbestos from other sources including
schools, public and private buildings that have asbestos-containing materials,
ambient air and water, and drinking water. Regulations and guidelines have been
established by the various regulatory authorities in the U.S. (1) to limit exposure
to asbestos in the workplace; (2) to minimize emissions of asbestos into the
atmosphere from activities involving the milling, manufacturing, and processing of
asbestos, demolition and renovation of asbestos-containing buildings, and the
bandling and disposal of asbéstos-containing waste materials; (3) to control
asbestos-containing materials in schools and in buildings; (4) to limit the level of
asbestos in ambient water and drinking water; and (5) to restrict or to prohibit the
use of asbestos in certain products and applications.

Occupational exposure limits and work practices

Asbestos was the first group of substances for which a comprehensive
standard was issued in 1972 by the Occupational Safety and Health
Administration (OSHA) under section 6(b) of the Occupational Safety and Health
Act (OSH Act). The OSH Act of 1970 established OSHA to provide working
conditions that are safe for employees, and it empowers the agency to prescribe
mandatory occupational safety and health standards “which most adequately
assures, to the extent feasible, on the basis of best available evidence, that no
employee will suffer material impairment of health or physical capacity even if
such employee has regular exposure for the period of his working life.”

The 1972 asbestos standard established a Permissible Exposure Limit (PEL)
for asbestos of 2.0 fibers per cubic centimeter (or f/ml) as an 8-hour time-weighted
average (TWA). The standard also prescribed methods of compliance, personal
protective equipment, employee monitoring, medical surveillance, hazard
communication to employees, housekeeping procedures, and record keeping
(OSHA, 1972). The standard of 1972 was intended primarily to protect workers
against asbestosis and thereby to provide some protection from asbestos-

Vu: Regulatory approaches to minerai jloers -

associated cancer. In 1986, OSHA revised the asbqstos standaardﬂ:):fegmor; 90;3
sufficient evidence that asbestos is a human carcinogen, z;nt Jhat e L he
standard docs not adequately proteet workess B85 0. 07 ot and updated
1986 asbestos standards reduced the FEL 0 f ffect.at e, anply (0
other requirements. These standards, v_vhlch remain in et ) PRy 0
i tries including the construction and maritime indus el

?lllldlllrslg;s(OSHA, 1986). As pointed out by OSHA, the cm'rentl e:g:sg\r:tlﬁglt!ssg;
not represent “safe” levels of exposure, but are the lowest le

can feasibly achieve using current control technologies.

i ini illing activities
ulations to limit asbestos-exposure during mining a:}d_nn Ing

havel:::gen issued by the Mine and Safety and 1-_lea.lth Adﬁmﬁ?\t;(,:c?gfsg";‘)l
ander the Federal Mine Safety and Health Act (Mine Act). The i e parmful
established MSHA to control the hazards of exposure to pote ']lin):'-' e,
substances generated by mining activity or used in the mm:]r;fd or gl;i ! tﬁe T e
The Mine Act requires that MSHA, in promulgating a stan z;l ot
degree of health and safety protection for the miner, wit feasion o
engineering controls and cost of compliance as additional const all lixﬁit e
current health standard for asbestos specifies an 8-hour TWA explo o
2 f/ml and provisions for labeling, use of protective eq%pme&;mi;em Ting
controls, and monitoring miners’ exposures (MSHA, 19 z G ostos
OS'HA's7 asbestos standard, MSHA recently proposed to low
exposure limit to 0.2 f/ml (MSHA, 1989). .

Since OSHA’s asbestos health standardg only apply to worl];cer ex&o;usri::o;ri
the private sector, the Environmental Protection Aéenfry 1(EAPCI:)(T'¢;SC \:) 0 issu:, n
. . o
sty under Title II of the Toxic Substances Con \ 2
::gﬂ\:?:ﬁtgn known as EPA Asbestos Worker Protection Rule (US}iPAdSlsli'lz)s.b el;t\é:
rule requires comprehensive work practices as provxded underdt ‘e S et
standard to protect employees in the public sector (state an A t?c EPUA e
employees) who are engaged in asbestos aba;leglen; wgrek. noﬁ% R A
i rovision not included in the OS rule, i.e.. ‘ ¢
;::::arlzﬁfyalg days before an asbestos abatement pl’O_]BClIIS begun when public
employees are doing the work.

Air emissions control and waste disposal

Emissions of asbestos to the ambie;nlt z}ir are .regdult::)tf‘:ide \lrle[;((]);rat[l;g t((:)leez:;o?cl;
: A). EPA, under the CAA of 1971, 1s regmre d
?eaugz(i:tﬁmg necessary to protect the general public from exposure tg mrbggé\;tztz
thit are known to be hazardous to human health. EPA g?:;%rgéz f:ls_ S e

i i ional Emission

dous air pollutant and issued a Nalmpa : N
tXliialiollutant &ESHAP) rule for asbestos 1n 1973 unc!er se‘ctt;]onll ]t2r25 isthi?) :‘/‘: i
The Asbestos NESHAP has been amended several times; the ast CvIsIon wee
promulgated in 1990 to enhance enforcement and to promote P

(USEPA, 19902).

The Asbestos NESHAP requires specific emission control .rgqpue;;l::;isafzé
the milling, manufacturing, and fabricating of asbestos, for activities
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lealth standards for drinking water and effluent guidelines

Under the Safe Drinking Water Act of 1972 (SDWA), EPA is required to

egulate drinking water contaminants which “may have an adverse effect on
mman health.” Drinking water in the U.S. is known to be contaminated with
isbestos fibers resulting from mining operation, geologic erosion, the
lisintegration of asbestos cement pipe, and atmospheric sources. The 1986
'DWA amendments subsequently direct EPA to regulate asbestos in public water
upplies. A Maximum Contdminant Level Goal (MCLG) of 7 millions fibers
:xceeding 10 microns in length per liter of drinking water was promulgated in
.991 (USEPA, 1991b).

EPA recognizes that there is insufficient evidence to demonstrate that
wsbestos in drinking water is associated with organ-specific cancer. However,
iPA believes that there js a sufficient basis to regulate asbestos as a possible
loman carcinogen in drinking water (Regulatory Category II). The MCLG for
ishestos is primarily based on the evidence that asbestos may be associated with
i increase risk of gastrointestinal cancer through occupational exposure, and
mimal data showing that chrysotile asbestos fibers greater than 10 microns in
ength may be carcinogenic by ingestion,

Asbestos is also regulated under the Federal Water Pollutants Control Act of
1972 (amended by the Clean Water Act of 1977). Under this regulation, effluent
imitations and technology performance standards have been established for
:leven asbestos manufacturing point sources subcategories using the best
1vailable control technology that is economically achievable (USEPA, 1974).

Restriction or prohibition of the use of asbestos
in certain products and applications

Release of asbestos fibers occurs not only in the manufacture and
processing of asbestos, but also in their use and maintenance. Several regulatory
actions have been taken by federal agencies to reduce asbestos exposure from
certain uses or applications of asbestos-containing products or materials,

In 1973, EPA prohibited the spraying of asbestos—containihg materials on -

buildings and structures for fireproofing and insulation purposes under the Clean
Air Act (Asbestos NESHAP). The ban of the use of spray-on asbestos was later
expanded to cover applications of asbestos-containing materials for decorative
purposes (USEPA, 1990). In addition, the Consumer Product Safety Commission
(CPSC) has banned use of asbestos-containing patching compounds (mostly for
dry wall use) and artificial fireplace emberizing materials containing respirable
free-form asbestos under the Consumer Product Safety Act (CPSC, 1977). In
1979, CPSC developed voluntary agreements under which hair dryer
mantfacturers stopped the use of asbestos heat shields.

EPA is empowered by section 6 of TSCA to ban or to restrict the
manufacture, processing, distribution, use, or disposal of a chemical substance
when there is a “reasonable basis” to conclude any such activity poses an

Vu: Kegulatory approaches fo nunerdl poers Jus

“unreasonable risk of injury to health or environment.” while taking into
consideration the benefits of the chemical substance for various uses and the
availability of substitutes, along with economic consequences of the regulation.
In 1989, EPA issued a rule, known as the Asbestos Ban and Phase Out Rule
(ABPO), under the authority of TSCA, to prohibit the manufacture. importation.
processing and distribution in commerce of asbestos and most asbestos-
containing products in the U.S. in three stages over seven years beginning in
1990 and ending in 1996. The regulation was intended to further reduce health
risks to workers and the general public from many sources of asbestos releases.

The ABPO rule, however, was challenged in the U.S. court by the asbestos .
industry. In October 1991, the U.S. 5th Circuit Court of Appeals vacated and
remanded most of the rule. The Court’s decision did not question EPA’s findings
on the health effects associated with asbestos exposure; rather, the decision was
based on differences in legal inlerpretation of TSCA, the authority under which
-§  the rule was issued. The rule is still in effect for those products which were no
‘Q longer in commerce when the rule was issued on July, 1989. EPA is presently
¥ considering a number of regulatory and non-regulatory actions on asbestos in
response to the Court's decision.

REGULATORY ACTIVITIES ON OTHER MINERAL FIBERS

Few actions have been taken by the U.S. regulatory authorities to prevent
or limit exposures to other mineral fibers. This is primarily due to the lack of
hazard and exposure information which serves as the basis for any risk reduction
measures. EPA has recently identified a “respirable fibers” category as prionty
substances for hazard and exposure testing (USEPA, 1992). EPA is presently
_ considering various approaches to obtain such information so that fibers of high
concern can be identified for further regulatory investigation. Additionally. the
following steps have been taken to address the potenual risk posed by a number
of specific non-asbestos fibers.

Erionite

EPA has promulgated a significant new use rule (SNUR) under section 5(e)
of TSCA for erionite fiber. Because of the known health effects of erionite, EPA
believes that any use may result in significant human exposure. This rule requires
persons who intend to manufacture, import, or process any article containing
erionite fiber to submit a significant use notice to EPA at least 90 days before any
manufacturing, importation, or processing. The required notice will provide EPA
7 with the opportunity to evaluate the intended use and, if necessary, to prohibit or
- to limit that activity before it occurs (USEPA, 1991c).

. Refractory ceramic fibers

Based on animal inhalation data of RCFs submitted under section 8(e} of
TSCA, EPA concluded in November 1991, that RCF may present an unreasonable
risk of cancer to human health (USEPA 1991d). After conducting an accelerated
review of RCF under section 4(f) of TSCA, EPA concluded that although there is
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¢/ith the demolition and renovation of asbestos containing buildings. The
isbestos NESHAP does not set a quantitative fiber release level but requires work
ractices at demolition or renovation sites, and no “visible emissions™ from any
sbestos milling, manufacturing, fabricating, demolition, or renovation operation.
‘his regulation also requires a facility survey for asbestos prior to the
ommencement of a demolition or renovation activity that is subject to the
JESHAP.

Asbestos-containing waste is generally deposited in landfills. Asbestos is
egulated as a solid waste for land disposal under the Resource Conservation and
Recovery Act (RCRA) of 1976. EPA does not consider asbestos a hazardous
vaste vnder RCRA because asbestos does not pose a potential risk of leaching
nto groundwater. However, under expanded authority of RCRA, a few states
1ave classified asbestos-containing waste as a hazardous waste, and these states
‘equire stringent handling and disposal procedures. The Asbestos NESHAP
regulates emissions of asbestos from landfills. The rule prohibits visible emissions
to the ambient air by requiring emission control procedures and appropriate work
practices during collection, packaging, transportation, and disposal of friable
asbestos-containing waste materials.

Asbestos is also subject to public reporting requirements for releases of
hazardous substances under the Emefgency Planning and Community Right-to-
Know Act (EPCRA) of 1986 and the Comprehensive Emergency Response,
Compensation and Liability Act (CERCLA) of 1980. EPCRA requires emergency
notification to appropriate state and local authorities of any release of asbestos,
and the submission of annual Toxic Release Inventory (TRI) reports to EPA and
designated officials. The TRI reports include the amount of asbestos released into
each environmental medium including air, water, and land (USEPA, 1988b).

Control of ashestos exposure in schools and buildings

Because the health risks of school children being exposed to low levels of
asbestos. is _a concern, Congress passed the Asbestos Hazard Emergency
Response Act (AHERA) in 1986 as a Subchapter II of TSCA to protect school
children and employees from exposure to asbestos in school buildings. The Act
required EPA to develop regulations creating a comprehensive framework for
dealing with asbestos in public and nonprofit private elementary and secondary
schools. To implement AHERA, EPA issued the Asbestos-Containing Materials in
School Rule in 1987 (USEPA, 1987b). The AHERA school rule requires local
education agencies to identify asbestos-containing materials in school buildings
and take appropriate action to.control release of asbestos, including inspections
for asbestos, development of management plans, and to carry out the plan in a
timely fashion. The school rule also requires the development of an asbestos
operations and maintenance plan for schools where asbestos materials remain in
place. The AHREA school regulations do not require schools to remove asbestos-
containing materials.

AHERA also requires that EPA conduct a study to determine (1) the extent
and condition of asbestos in public and commercial buildings; and (2) whether

public and commercial buildings should be subject to the same ms&ect;o‘;nEagi
response action requirements that apply to school buildings under 1% o EP-A
school rule. In response to Congressional mandate. 1n Fet?rgatyM  EPA
completed a study known as “EPA Study of Asbestos-Containing Maten
Public Buildings—A Report to Congress” (USEPA. 1988c).

EPA's study determined that friable asbestos-containing _matenals can 'be
found in about oz’e-ﬁfth of the public and commercial buildings in the U.S. ﬂ'fv:c;
thirds of these asbestos-containing buildings have at least some asbf::ltgs '1d:'1 I
already damaged. Although EPA believed that asbestos in coljmnertgPA ‘:llid";%-f
represents a potential health hazard t.hat deserves attention, e
recommend a comprehensive regulatory inspection and abatement prc;g:r lin;ited
as was implemented for school buildings. This was because there is ondy ; Hmied
supply of the accredited professionals and laboratories that are neeR:me rorEPA
implementation of AHERA school rule, which has prionty aNenm?n.thr er, EPA
recommended to Congress that the Agency work during the next 'ld?eu_ ars 1o
enhance the nation’s technical capability in asbestos by helping building t;)ons ir]
better select and apply appropriate asbestos control apd abatement lz;tl: ons 1n
theit buildings. To carry out that recomandatlon, EP'APfu ‘_1s'n a4z
comprehensive asbestos guide known as "‘Managu.xg Asbestos in dace :D—dm_e
1990 (USEPA, 1990b). This publication provides detailed an up—besms-
instruction to building owners to help them successfully manage as :

containing materials in place.

6, 1991, EPA published “An Advisory to tl.xe Public on Asbestos
in Bu(l)lrclh?gasr": ‘:o provide guidl:mce to the. public for‘ reducing asb_esmshe:qlms:“rf1
in buildings and to clarify EPA’s policies regarding asbestos 1n ?c oc:h sa and
buildings (USEPA, 1991a). The advisor).{ is in the form of five matJ}?r aCtSLhe uthe
Agency presented in congressional testimony. E}’A cor_lcluded at on oemer{t
of limited data, prevailing asbestos éetw;‘elsdn: bu11d_1nngtscv(;/:1t:11 :ssi]:/?t‘;i arﬁ:r‘;';xg zment

were very low, Although the data are no sive,

g:tgi;\rr;iggesls tlgt health risks to building occupants are likely to be ig;l] e\:/‘g:g
their buildings have active asbestos management programs. EPA rte'cq mmendsd
in-place management (o control fiber release when the asbestos-con zn;f g maer
ials are not significantly damaged. EPA also p(_)mted out that remov e
is not always the best alternative from'a pgbhc health_ perspecuv;:. pS ur]; for
performed removal of asbestos can result in a very high leyel o 1tj,lxpoa e
building occupants. When removal is deemec} necessary, 1.e.aw en sr stos
containing materials are damaged beyond repair, careful proce \11'esd utJe g e
exposure to the public both and during and after the removal are mandated.

's findings concerning health risks to building occuparts are consistent
with Ef):cfusions greached by the Health Effects }nsutute—Ast.)gstos R;s:a;;:lg
(4EI, 1991). EPA and HEI recognized lhat' building wprlgers (ie., s,ext'svxif o
custodial workers) may face greater health risks than bulldmg c:ccut;:antI i the
are not properly trained and protected, since they are more hkelydtct)h :Og?{sA wiﬂ
exposed to higher levels of asbestos. OSHA and EPA have agre;; . ak SHA
take the lead in pursuing regulation to address these potential rsks,

agencies will work cooperatively to this end.
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sufficient evidence to classify RCF as a probable human carcinogen, exposure
data are inadequate to determine whether or not RCFs pose an unreasonable
health nisk to workers. However, there was sufficient basis to-support a concern
for RCF and to inijtiate a regulatory investigation of RCF. Since there is a need to
develop additional worker exposure data, EPA considered requiring the testing
by promulgating test rules or by adopling enforceable consent agreements under
section 4 of TSCA. In light of the manufacturers’ willingness to work with EPA
on the development of an exposure testing program to monitor workplace
exposures (i.e., manufacturing, fabrication, processing, installation, and removal),
EPA signed an enforceable testing consent order with the Refractory Ceramic
Fibers Coalition (RCFC) in May 1993 (USEPA, 1993).

In-addition to developing the exposure monitoring consent order with EPA,

RCFC has developed and implemented a Product Stewardship Program which

includes an implementation of workplace exposure control measures and a 1 f/ml
industry recommended exposure guideline. Results from the exposure testing
consent order should help determine the effectiveness of industry’s stewardship
of RCF.

OSHA has also proposed a 1 f/ml 8-hour TWA limit for respirable RCF for the
construction, maritime, agriculture, and general industry, The proposed exposure
limit is based on non-malignant resplratory disease, although OSHA has pointed
out that the pr0posed limit will also increase the protection of workers from the
potential carcinogenic effects (OSHA, 1992).

Glass fiber and mineral wool

Title III of the 1990 Clean Air Act.amendments establishes a control
technology-based program to reduce stationary source emissions of hazardous air

pollutants. Man-made mineral fibers (including glass fibers, rock wool, and slag

wool fibers) have been designated as hazardous air pollutants under section 112
(b) of the 1990 CAA amendments (CAA, 1990). EPA is in the process of
establishing emissions standards for this group of substances.

OSHA has also proposed, under section 6(a) of OSH Act, a 1 f/ml 8-hour TWA
limit for the respirable fibers of fibrous glass, rock wool, and slag wool for the
construction, maritime, agriculture, and general industry. OSHA believes that this
limit will protect worker from the risk of nonmalignant respiratory disease (OSHA,
1992).

CONCLUSIONS

Extensive regulations and guidelines have been established by several U.S.
federal agencies to control or to limit the exposure of asbestos to humans. In
contrast, only limited activities have been focused on other mineral fibers.
However, it is generally recognized that there is an adequate basis to support a
concern for respirable fibers, particularly those which are durable. Hence, there is
a need to develop a comprehensive strategy for reducing risks from exposures to
all respirable fibers. Components of such a strategy should include the practice of
pollution prevention, development and implementation of product stewardship
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program, design of safer products (e.g., development of non-respirable fibrous
products), the conduct of health effects research and testing. and exposure
monitoring. Cooperative efforts among the federal agencies. industrial sectors.
and public interest groups are necessary to achieve this goal. which is aimed at
protecting the public from an unreasonable risk of injury. g
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GLOSSARY

The following glossary contains several biological and geological terms that may be
unfamiliar to some readers. A more thorough listing of terms can be found in a general
scientific diclionary, such as Dictionary of Scientific and Technical Terms (1989. 4th
edition, S.P. Parker, Editor, McGraw Hill, New York. 2138 pp.), or in dictionaries
specilic to each of the disciplines (e.g.. Glossary of Geology. 1980. 2nd edition.
R.L. Bates and J.A. Jackson, Editors, American Geological Institute. Falls Church.
Virginia, 751 pp.; Stedman’s Medical Dictionary, 1990, 25th edition, W.R. Hensyl.
Editor, Williams and Wilkns, Baltimore, Maryland, 1784 pp.). Many of the definitions
below are modified from these sources. Accepted mineral species names and formulae can
be found in the Mineral Reference Manual (1991, E.H. Nickel and M.C. Nichols. van
Nostrand Reinhold, New York, 250 pp.). and we have generally followed their usage.
However, in some cases, errors in the Mineral Reference Manual have been corrected here.
The editors assume ultimate responsibility for the correctness of the following definitions.
However, we acknowledge the assistance of many in developing this glossary, including
the authors of chapters in this book and H.C.W. Skinner. Many of the definitions below
use words that are also defined in the glossary, and these words are generally italicized.

a-axis: One of the three principle axes used to describe the coordinate system of a crystal
structure. See crystallographic axes.

accessory mineral: Any mineral that is present in a rock but is not essential to
classifying the rock. Generally accessory minerals are present in minor quantities.

acicular: Said of a crystal that is needlelike in form. A high aspect ratio mineral particle
formed during growth or crushing. See asbestiform, fibrous, prismatic, equant. tabular.

actinolite: An amphibole with the ideal composition Ca,(Mg,Fe2+)5SigO;2(0H)s.
Actinolite is a species in the Mg-Fe2+ series, tremolite—ferro-actinolite, with 0.9 >
Mg/(Mg+Fe2+) > 0.5. See amphibole, ferro-actinolite, tremolite.

activation energy: The additional energy required to allow a system to proceed from
one energy state to another, e.g., to make a reaction proceed.

active oxygen species: Oxygen free radicals. Reactive metabolites or reduced species
of oxygen that can react with cellular targets, including DNA. These species possess a
non-equilibrium number of electrons (i.e., they possess an unpaired electron), such that the
species is unstable and can function as either an electron donor/acceptor or a proton
donor/acceptor. See hydroxyl radical, superoxide.

addifive: The condition when two or more agents induce a biological response that is the
sum of the weighted biological responses of each agent individually. )

aeolian: See eolian.

AEM: Analytical electron microscopy. This is typically done using a lransmission
electron microscope equipped with a capability such as energy-dispersive spectrometry.
By performing AEM with a transmission electron microscope, addition important
mineralogical information may be obtained, such as electron diffraction information,
particle morphology, microsiructures, etc.

AES: Auger electron spectroscopy.

AFM: Atomic force microscopy or atomic force microscope.

agate: A type of microcrysialline quariz.

akaganeite: §-FeOOH. See lepidocrocite and goethite.

alkali feldspar: A feldspar with an ideal composition of (K.Na)AlSi;Og.

6LC. £6¢ €TIE XVA 8T:%¥T 5002/20/90

dT1 NVRaod

LY0/LY0R



06/01/2005 17:22 FAX 313 393 7579 BODMAN LLP do02/011

|
|
FACSIMILE AND CERTIFIED OR EXPRESé MAIL

May 31, 2005

Thomas Krueger, Esq. Brian; Kelly, OSC

Assistant Regional Council On-Stene Cootrdinator

U.S. Environmental Protection Agency  U. S. Environmental Protection Agency
'Region 5 Emergency Response Branch

77 W. Jackson Boulevard, C-14] Region 5

Chicago, Illinois 60604-3590 Mail Code SEGI

9311 Groh Road
Grosse Ile, Michigan 48138

Re:  Unilateral Administrative Order Issued t(i CSX Transportation, Inc.
Regarding the N-Forcer Site in Dearborn, Michigan
Docket Number: [Not Decipherable]
Date: - May 17, 2005
Received: May 18, 2005

Deat Gentlemen:

We appreciate the opportunity to meet with you last Faday and discuss CSX
Transportation, Inc.’s (“CSXT’s”) response to the CERCLA § 106 Order issued on
May 17, 2005.

For the reasons which follow, CSXT requests that the Order be withdrawn or in
lieu of its withdrawal that USEPA suspend its effective date pending further
discussions between the parties. CSXT’s lettet to USEPA of April 29 set forth in
summary form its legal objections to the Order and we will not repeat them here —
but acknowledge that USEPA does not agree and supports the legality of its order.

We believe the Order should also be withdrawn because it is unnecessary.
Although CSXT has a different view of the risk posed by trace asbestos materdals in
the soils in the vicinity of the N Forcer site, CSXT has responded to USEPA’s
requests for action in the past on a voluntary basis and will continue to do so
without the need for an order. CSXT takes its obligation to protect its employees’
safety setiously and will take all actions appropriate to ensure that safety with regard
to conditions on the railroad propetty. .

Even if it is not withdrawn, its effective date should be suspended for at least two
reasons. First, it is apparent from our meeting last Friday, that USEPA is not clear
on what removal action it desires with regard to potential contamination on CSXT
Track 3. It makes sense to reach an understanding on that point before the very
tight time deadlines under the Ozrder apply. Second, USEPA has proposed that
CSXT enter into a voluntary consent order. CéXT has not had an opportunity to

DETROIT | TROY | ANNARBOR | CHEBOYGAN | LANSING
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consider that option or confer with USEPA with regard to the proposed terms
which were just communicated to CSXT at the close of business yesterday.

CSXT’s Actions To Date

It is clear that USEPA places a very high priofity on CSXT starting the removal
action associated with the N Forcer site as quickly as possible. It is unfortunate that
CSXT was unable to make it clear to the USEPA that CSXT took the USEPA’s
requests seriously, because it did and was acting consistently ~with that
understanding. A bdef chronology of significant contacts between CSXT and
USEPA reveals that CSXT has been respomsive to USEPA’s desires. The
chronology below does not cover all contacts between USEPA and CSXT.

CSXT first learned of USEPA’s concerns at the N Forcer site in mid 2003 when it
received a general notice letter. Since then by almost any standard CSXT has been
teasonably tesponsive to USEPA in a situation in which ATSDR and Michigan
Department of Community Health have stated in the Health Assessment and
associated public statements that there is not a significant immediate nisk from a
pubhc heaith perspecttve (tecognizing USEPA may be applying different criteria in
its conclusion that circumstances pose an imminent and substantial endangerment).

CSXT tesponded to USEPA’s general notice lettL_t by requesting a time extension to
respond and, within that time, provided information to USEPA with regard to its
property in the vicinity of the N Forcer site.

In the fall of 2004, USEPA contacted CSXT with regard to sampling for asbestos in
the right of way (ROW) adjacent to the N Forcer site. CSXT immediately agreed to
conduct such sampling. ARCADIS, CSXT’s consultant, collected 14 soil samples
along the ROW. CSXT’s consultant went back to the site in response to Mr. Kelly’s
site review and correspondence and collected an additional sample of several pieces
of materials designated 2asSB-15, in an area where USEPA had reported seeing
Libby amphibole. There were ongoing communications between CSXT and
USEPA in November and December with regard to these sampling activities. CSXT
received a letter repott from ARCADIS in early February, 2005 and forwarded that
report to USEPA shortly thereafter.

In the December, 2004, USEPA contacted CSXT with inquiries as to property
boundaries ,ownership issues, and CSXT promptly responded.

In early Apnl, 2005 USEPA informed CSXT that it was about to begin a removal
action on the W.R. Grace property. By letter dated Thursday, Apzl 7, 2005, it
requested CSXT to. undertake removal activities within the ROW. On Tuesday
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April 12, 2005, just three business days later, J:SXT tesponded informally that it
would take action.

By letter dated Monday, Aprl 11, USEPA requested CSXT provide it an access
agreement. CSXT informed USEPA of worker safety training requirements and on
Apdl 13, USEPA requested arrangements on site for safety training. On Friday,
April 15, USEPA contacted CSXT with regard to taking CSXT’s safety training as a
prerequisite to access to CSXT’s property. On Monday, Apxil 18, CSXT responded
with information about its safety training programs and followed up with several
calls indicating that the safety training would be expedited. On April 18, USEPA
withdrew its request for site access.

Also on Monday, April 18, USEPA requested that CSXT develop and submit a
SOW for the removal which CSXT would undertake. USEPA offered to
coordinate any soil disposal activities with CSXT but only if CSXT responded by
April 21. Otherwise, CSXT would have to take cate of disposal itself. USEPA
repeated that an access agreement was not required if CSXT. was going to proceed
to undertake the requested removal. In this period, CSXT retained ARCADIS and
Olson and Associates, L.L.C. to develop the requested SOW. Olson and
Associates, LI.C. is utilized by CSXT for asbestos regulatory and abatement
activities within the CSXT system. On Fnday, Apxil 22, Olson reported to CSXT
that the SOW was 98% complete and it would be completed after a site visit on
Tuesday, Apnl 26. The April 22 site review included site logistics for the SOW.

On Frday, April 29, CSXT informed USEPA by letter of “their intent to perform
limited remedial activities on the CSXT Right-of-Way (ROW).” CSXT agreed as a
good corporate citizen “as soon as possible, CSXT will conduct 2 HEPA vacuum
remedial efforts of the rail ties, conduct a limited (six inches deep) excavation of the
any [sic] areas that visually appear to contain this unregulated amphibole mineral,
and spray an encapsulation solution on the ballast areas.” CSXT informed USEPA
in the letter that it would not require USEPA’s assistance in disposing of any wastes.

By letter dated Apsl 30, USEPA acknowledged CSXT’s letter and stated it looked
forward to receiving CSXT’s wotk plan and requested contact at CSXT’s earliest
convenience to discuss anticipated schedule and clean up plans.

CSXT understood that the end of April was a critical date for USEPA, but only with
regard to possible coordination of soil disposal activities. CSXT did not fully
appreciate USEPA’s desire to get removal within the ROW completed as soon as
possible, and if CSXT had had that appreciation, CSXT would have let USEPA
know that the SOW and related approvals were working their way through the
railroad’s internal process for official approvaljand work ordets, e#. That process
would have been expedited had USEPA’s u:gem[cy been understood.

|
|
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At no time has CSXT withdrawn the commitment given in its Aprl 29 letter.
However, in the two weeks after April 30 it did |not get back to USEPA as USEPA
had requested with the work plan and schedule. That apparently led to USEPA’s
mistaken conclusion that CSXT did not intend to proceed and a decision to issue
the Ordet.

Site Status

USEPA has completed its removal action at the W.R. Grace property and at one
offsite area, the nearby soccer field. The excavation on the W.R. Grace property
bas extended to the edge of the railroad property line based on an USEPA boundary
sutvey. All sampling has been completed and WESTON is preparing 2 final report.
USEPA is almost completely demobilized.

Site Sampling
USEPA

During the meeting, USEPA described its sampling activities at the site generally
and specifically near the ROW. USEPA explained that samples SC-3 and GB-l
collected during WESTON’s site assessment in 2003 were recently determined to
have been collected from within the ROW when James Justice, who was present
when the samples wete collected, was able to locate their general location in
reference to the southern ROW propetty line which was sutveyed in 2005.

USEPA also provided draft results for samples collected on early April (USGS 005),
April 15. (one sample), and May 17 (CSX-001, 002, 003) , also from within the
ROW. .

USEPA also provided the results of four corﬁposite grab sa.ﬁl1ples collected from
undisturbed soils beneath the ateas it had excavated.

The locations of the foregoing samples were no:t suﬁfe’yed in or permanently marked
and there is no drawing to scale which locates those samples.

USEPA also collected approximately 90 samples from residential soils in the
neighborhood at locations at which there was an indication that W.R. Grace
. materials had been used for gardening or other purposes. Only one of the
approximately 90 samples had detectable Libby amphibole.

USEPA teported that it had conducted air monitoring duting apptoximately fout
weeks of on site and off site excavation activities. The putpose of the monitoring
was to detetmine if excavation activities were ¢ausing suspension of asbestos. The
monitoring did not detect any airborne asbestos.

Natrit RA2AR2T 1
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CSXT

The results of the ARCADIS sampling d.iscusse!d above indicated that the sampled
soils did not contain detectable asbestos fibers. Howevet, one of the three pieces of
‘material collected as SB-15 was identified as Libby amphibole. -During Friday’s
meeting, clarification was sought on three points. First, there was a question as to
the detection limits. CSXT believes they were on the order of 0.1% but was unable
to confirm that dting a call to the lab during the meeting. There was a question
whether the reported laboratory results were limited to detections of the 6 specific
asbestos minerals listed under OSHA and TSCA. During the meeting we called the
lab and they stated that the detection of any asbestiform mineral would have been
reported. We will obtain written confirmation tfrom the lab on that point as well as
the laboratory detection limits. Finally, there was 2 questlon as to which sample(s)
the APEX letter of January 10, 2005 referred to. It is our understanding the letter
was limited to the three large pieces of mate_na.ll (and specifically the one out of the
three pieces which was determined to contain Libby amph1bole) collected as SB-15.

Again, we will confirm this.

On Monday through Wednesday of last Week, CSXT consultants (CTEH LL.C.,, R]
Lee Group, Inc., ARCADIS G&M of Michigan, L.L.C., and Olson and Associates,
L.L.C.) conducted site inspection and data collection activities in the CSXT ROW.
Approximately 30 soil samples were collected and located with GPS along a grid the
width of its property and abut 1000’ long, centered approximately on the midpoint
of the W.R. Grace property. While most samples were taken from grid points,
some samples were collected along Track 3, a siding track along the eastern border
of the WR Grace property, in areas whete vermiculite flakes were visible on the
surface. © During our Friday meeting we discussed the. preliminary results of
polarized light microscopy (PLM) analysis of eight samples and transmission
electron. microscopy (TEM) znalyses of 16 samples obtained from the site that
week. The thhest PLM result was 0.25% amphibole, while the highest TEM result
was “trace,” or approximately 0.1 — 0.3% amphibole by weight.

It should be noted per the current EPA AHERA regulation, 40 CFR 763, if these
sample results (PLM and TEM analysis) were associated with friable or nonftiable
suspect . building materials (Thcrmal System Insulaton, Surfacing, and
Miscellaneous) that were located in a functional space with schoolchildren present
(grades K thru 12, public, private, and US military base schools), these analysis
tesults would be below the regulated EPA AHERA asbestos level of greater than
. 1% and therefore these building materials' could remain in the school as a2 non
asbestos building material. These non asbestos building matetials would oot be
included in the school asbestos management|plan and/or part of any asbestos
response actions. In addition, the building materials with asbestos levels of 1% or
less could be involved in school renovation, deﬁ:olition, and maintenance activities.
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Building matetials with results of 1% or less would not require asbestos engineering
controls or special work practices since these bfuilding materals would be deemed
non asbestos. In fact, under the EPA AHERA regulation, the children could
actually remain in the school building in the general vicinity during these
construction and/or maintenance activities per the EPA asbestos definition. Thus
soils in the ROW do not appear to pose a significant public health risk.

This sampling effort probably meets or exceeds any pre-removal sémp]ing that
would have been developed as part of the wotk plan required under paragraph 3 of
the Order. :
Both CSX and USEPA agreed to exchange full data packages for all of the above
referenced sampling, ideally as soon as it is available.

Visually Observed Matetials

The parties agreed that there was no visible evidence of vermiculite on the CSXT
mainline tracks (Tracks 1 and 2) but that there was visible evidence of vermiculite
on certain portions of Track 3, the track closest to the W.R. Grace property. CSXT
discussed the importance of distinguishing between vermiculite and amphibole.
While the presence of visible vermiculite, presumed to be from the Libby mine,
could be indicative of potential presence of Libby amphibole, the mete obsetvation
of vermiculite does not automatically mean that amphibole is also present. This was
confitmed by the CSXT sampling on Track 3;where not all of the samples with
visible vermiculite had detectable amphibole when examined microscopically. It
was also noted that only vety small amounts of visible amphibole fragments have
been obsetved to date on CSXT property, mainly in the vicinity of sample SB-15.

USEPA -reported that during the excavation of soils on the N-Forcer site, fill
materials were encountered which appeated to contain Libby amphibole materials
and/or evidence of vermiculite ore or processed vermiculite. This fill extends in
some points more than 18” below the ground surface and was visible in soils on the
eastern-most boundaty of the WR Grace property, presumably extending some
unknown distance onto the ROW. It is not clear to CSXT whethet all of the non-
native materials contained amphibole fragments, but it accepts for the purpose of
going forward that the materials had their origin at Libby and some part of such
materals could be Libby amphiboles.

~ Two individuals among CSXT’s team last weekj have spent time at the Libby mine
_site and are familiar with the appearance of L1bby amphibole. They found no
evidence of this material on the surface in the ROW in the vicinity of Track 3 and
no evidence of its presence along Tracks 1 and 2.
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Summary of Data and Visual Observations |

|

CSXT interprets the data collected by USEPA alnd CSXT to show that there is not
widespread asbestiform contamination in soils|/within the ROW. None of the
samples CSXT collected and analyzed to date, including those with visible
vermiculite fragments, contained Libby amphibole in excess of the 1% level
requiring soil removal in the CERCLA § 106 oréier issued on May 17, 2005.! Oanly
two or three samples collected by USEPA from within the ROW met the 1%
threshold. However, there is evidence of Libby materials in the soil and small pieces
of Libby amphibole have been found infxequer.ldy on the sutface, mostly towards
the eastern corner or the W.R. Grace property in: the vicinity of SB-15.

CSXT believes that Track 3 long predates W.R. |Grace’s occupancy of the property
and therefore Libby material should not be undet the Track 3 track bed.

USEPA’s Proposed Removal Action

It is CSXT’s understanding that USEPA proposés any neat surface (18” depth) soils
containing Libby amphibole in the ROW, but outside the track bed of Track 3, be
removed and a geotechnical material barrer plaged on soils beneath that depth and
clean fill placed on top. At Fridays meeting,; USEPA expressed the desire for
further consultation and thought with regard to activities between the width of the
ties on Track 3.

Proposed Action

We believe that an agreement was reached on how to proceed with regard to the
presence of Libby amphibole in the ROW between the property line and Track 3.
CSXT will remove all soils which appear to contain Libby amphibole, starting at the
eastern end of the W.R. Grace propesty and moving northwest along the right of
way. The removed depth will be 18” and the: backfill will be placed on top of
geotechnical membrane having substantially the same specifications as that used by
USEPA. Soils will be visually examined as excavation proceeds. CSXT at its option
can proceed by digging continuously, by using test pits in advance of the excavation
ot by sampling for the presence of amphibole-contaminated fill

'Options were discussed with regard to the bed. of Track 3 without a conclusion.
CSXT had previously offered to HEPA vacuum the track bed and encapsulate by an

1 CSXT also notes that no sample analyzed to date from the ROW contains amphibole in excess of
the 0.5% level specified for temoval of soils from tesidentidl properties in the vicinity of the N-
Forcer site pursuant to the March 2005 Quality Assurance Project Plan for W.R. Grace, Dearbom,
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unspecified method but the site inspection last week raises some question whether
that would be a useful or the best approach. Another option discussed was the
placement of new ballast on the track which would prevent disturbance of any
impacted material. As we understand it, USEPA is going to consider this further
and have further discussions with CSXT. It would be helpful to know how the
track areas at the Western Minerals sites in Deaver and Minneapolis were handled.

CSXT 1s prepared to proceed with the soil removal immediately and before 2
strategy for the Track 3 track bed is finalized.

USEPA and/or its contractor may be present! during excavation activities after
railroad safety training. CSXT will arrange for raining in the Detroit area in the
near future at everyone’s mutual convenience. It may be that the best time to do it
is the day site excavation activities are kicked off.

In carrying out the activities, CSXT will petform the activities set forth in Paragtaph
3 of the Otder. :

We would expect USEPA assistance in obfaining} access from N Forcer and would
use its pg.rking lot as 2 staging area. CSXT would be responsible for repair of any
.d.a.mﬂge.- - 1 ‘

|
In addition, it may make sense to remove the rest|of the siding track and switch into
the N Forcer property which work would be coogdinated with the soil temoval and
require some coordination with maintenance and way crews. :

Schedule for Work

CSXT is prepared to provide a SOW, HASP and QAPP by June 17, the same date
those deliverables would be due under the Order CSXT will commence soil
removal activides expeditiously after. receipt of USEPA approval of those
deliverables, sub)ect to final scheduling of contractors and coordination with
railroad engineeting. Commencement of work also would be subject to scheduling
railroad safety training but we expect that can be completed in advance of or at the
time of commencement of the work. We will identify the subcontractors and
analytical laboratories at the time CSXT submits the SOW.

CSXT is prepated to address issues related to Track 3 expeditiously after reaching
agreement with USEPA on the most practical -approach. As indicated at the
meeting, that schedule will probably not be immediate because of the need to fit
such activities into other maintenance of way activities. CSXT will give such
activities priotity but an activity like reballa.stmg the tracks may take a few months.

v
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CSXT does not believe that conditions wi i the Track 3 track bed pose an
immediate risk to its workers or others. :

Access to ROW

As noted above, USEPA and its contractors can have access to the soil removal
work area during work activities and we see no need for a separate access agreement
under those circumstances. Let us know if USEPA considers such an agreement
still neeessary. If so, we will process one quickly to meet the proposed schedule
above. USEPA agreed that it will not enter the ROW without adequate prior notice
to CSXT and without completing the railroad safety training. For access purposes,
notice should be given to Roadmaster Michael Cameton at 734-231-5373. at least 48
hours in advance. ,
l
Contacts and Communication ;
Paul Kurzanski is the proper contact for all matters related to these activities. He
should also be given notice of site access requests. Tertl Rubis of ARCADIS will be
CSXT’s progtam manager. USEPA has contdct information for both of these
individuals. 1

Brian Kelly is the proper contact for USEPA.

We encourage email confirmation of any attempted telephonic contacts in which 2
message is left of voice mail A written cmml'record will help maintain a cleat

recotd of commuanication.
Continued Opposition to 106 Order |

Because CSXT has already made a written commitment on April 29 (just over two
weeks before the Order was issued) to undertake the removal action sought by
USEPA and was implementing that action by developing 2 SOW for submission to
USEPA at the time the order was issued and will:continue its petformance, there is
no need for the Otder. CSXT has agreed to carry|out a soil removal activity outside
the track bed for Track 3 in the manner desired by USEPA and has agreed to reach
an agreement with USEPA on activity within that frack bed.
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o
Mr. Krueger raised the possibility of an ACO 1n lieu of the 106 Order. Again CSXT
does not see the order as needed. Further, CSXT believes it can have the soil
removal completed before an ACO is signed.

Accordingly, we repeat our request that the Order be withdrawn and CSXT be
permitted to proceed with the work on a voluntaty basis, just as it has always -
intended to do. ‘

Very truly yours,

RCH/cmf

c Paul Kurzanski, Jeffrey Styron, Fredrick Dindoffer, Terri Rubis, Phillip
Goad
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